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VACUUM AND CRYOGENICS 


THERE ARE MANY connections between high vacua and 
low temperatures and it is fitting that ‘ Vacuum’ 
should publish an article on an important subject of 
cryogenics. As Dr. Parkinson points out in his 
article, published in this issue, the production and 
testing of high vacua becomes much easier with the 
help of low temperatures. Similarly, modern low 
temperature technology can barely be imagined with- 
out vacuum, in all its graduations. But, apart from 
technical consideration, there is another, more funda- 
mental analogy between these two relatively modern 
branches of physics. It is well known and it has been 
often emphasised that low temperature investigations 
furnished important proofs of quantum theory. But 
it is usually overlooked that just as low temperature 
physics had helped to elucidate the consequences of 
the discontinuous nature of energy changes, so high 
vacua, through the study of rarified gases, were in- 
strumental in putting to a rigorous test many of the 
predictions of the ancient hypothesis of discreteness of 
matter. Indeed, low temperature physics and high 
vacuum physics are both concerned with situations in 
which the continuum-hypothesis breaks down and the 


discrete nature of physical phenomena becomes all- 


important. 

It is interesting to compare the development of high 
vacuum techniques with that of low temperature tech- 
niques, at least with respect to their application to 
physics. While in the case of high vacua there has 
been a continuous development, without any definite 
changes in the general approach to the problem, in the 
history of low temperature technology we can dis- 
tinguish three phases. The first phase was the era of 
the few but large and highly specialised cryogenic 
laboratories (the Kamerlingh Onnes Laboratory in 
Leiden is the classical example) equipped with large 
hydrogen and helium liquefiers and devoted almost 
entirely to cryogenic studies. A new era was ushered 
in by the development of small-scale cryogenic 
apparatus pioneered by F. E. Simon with his adsorp- 
tion and single adiabatic expansion helium liquefiers 
and by M. Ruhemann with his small-scale Linde 
liquefier. In these cryostats the liquefier and the 
actual measuring apparatus (say a calorimeter or an 
assembly for magnetic cooling) form one single unit 
so that the liquefied gas need not be transferred. 
These cryostats could be built at a relatively modest 
cost and thus brought the temperature range of liquid 
hydrogen and liquid helium within reach of non- 


specialised laboratories. The third phase began in 
1947 with the development of the Collins helium 
liquefier, a machine produced commercially in the 
United States. Any laboratory possessing such a 
machine could have liquid hydrogen and helium ‘ on 
tap ’ and the Collins liquefier was certainly responsible 
for the spectacular rise of low temperature research in 
the United States. 

One might ask of what help a Collins liquefier could 
be to a laboratory which, without specialising in low 
temperature physics, wants to carry out occasional 
measurements at hydrogen or helium temperatures. 
Its high purchase price of about £12,000 makes the 
Collins liquefier uneconomical for infrequent use but 
there is no reason why one machine should not pro- 
vide liquid helium for several laboratories. Transport 
of liquid helium by road or by rail is a simple matter 
and Britain with its relatively short distance is particu- 
larly suitable for a central or regional helium supply. 
In fact, the National Physical Laboratory has been 
running such a scheme for over a year supplying 
liquid helium regularly to half a dozen laboratories. 

Although the ready supply of liquid helium forms 
the necessary basis for low temperature measurements 
these also require specialised techniques and materials 
and a host of auxiliary equipment. In the field of 
high vacuum the days are long past when diffusion 
pumps, vacuum gauges and even such trivial aids as 
tap grease or vacuum wax were “‘ home made ’; nowa- 
days all these can be bought ‘ ready made’. But in 
the field of low temperatures there is no similar service 
available, at least not in this country, and this has un- 
doubtedly acted as a deterrent to some who otherwise 
might have thought of extending their investigations 
into lower temperature regions. If our scientific in- 
strument industry regarded cryogenics as just as 
important an ancillary technique of physics as high 
vacua, low temperature experiments could, and un- 
doubtedly would, become more common in this 
country. Even leaving aside the provision of liquefiers 
the scientific supply industry could help in many ways. 
The life of the low temperature specialist and of the 
physicist dabbling in cryogenics would become much 
easier if he could obtain ‘ off-the-shelf’ items such as 
constructional materials for cryogenic apparatus, low 
temperature thermometers, double-walled transfer 
tubes, depth gauges for liquefied gases, all-metal 
Dewar vessels and heat exchanger components. With 
such a service and the ready availability of liquid 
helium, low temperature measurements could play 
their full part in many fields of solid state physics. 
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Summary 


EXPERIMENTS HAVE BEEN MADE tO examine the influence of 
the geometry of the electrodes on the performance of cold- 
cathode, or ‘ Penning’, vacuum gauges. The arrangements 
reported include (a) disc cathodes and ring anodes, (b) 
ring cathodes and ring anodes, (c) disc cathodes and 
cylindrical anodes, (d) disc cathodes and wire anodes. In 
addition gauges with multiple ring anodes and multiple 
cathodes have been examined. The bearing of the magnetic 
field on the performance of these instruments has been 
assessed. The broad conditions of stability are clear and 
it is shown that the pressure at which changes of mode take 
place can be controlled and, with some arrangements, 
eliminated at the expense of a small loss of sensitivity. 
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Sommaire 
DES EXPERIENCES ont été faites dans le but d’examiner 
Vinfluence des formes géométriques des électrodes sur le 
comportement de jauges a vide a cathodes froides, ou 
jauges de Penning. Des différentes formes rapportées 
comprennent (a) cathodes en forme de disque et anode 
en forme d’anneau, (b) cathodes et anodes en forme 
d’anneau, (c) cathodes en forme de disque et anodes 
cylindriques, (d) cathodes en forme de disque et anodes 
sous forme d’un fil. En plus, des jauges comprenant 
plusieurs anodes sous forme d’anneau et plusieurs cathodes 
ont été étudiées. L’effet du champ magnétique sur le 
comportement de ces instruments a été évalué. Les 
conditions limites de stabilité sont évidentes, et l'on montre 
que la pression, a laquelle les changements prennent place, 
peut étre controllée, et avec quelques arrangements, 
eliminée en perdant un petit peu de sensibilité. 


INTRODUCTION 


IN PENNING VACUUM GAUGES! pressure is indicated as 
an ‘ion current’, though of course electrons must 
form part of this current. Some of the ionising 
electrons are emitted from the cathode by cold 
emission though most are generated as secondary 
electrons. An axial magnetic field restricts escape of 
electrons to the anode and the number of ions is 
greatly increased by a structure which ensures that 
electrons oscillate many times between two negative 
electrodes serving the dual purpose’ of cathode 
and collector. The general electrical and magnetic 
features of such gauges have been discussed in 
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previous communications’. 
From time to time various e 

have been proposed. The purpose of the present 

experiments was to examine the influence of the 


lectrode configurations 


geometry of the electrodes on the performance, in 


particular on the sensitivity and stability. 


EXPERIMENTAL DETAILS 


Arrangement 

The electrodes were mounted in a short length of 
Pyrex tube, about 14 inch. in diameter. Fig. 1 shows 
how various anodes could be attached to a nickel- 
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ANODE 
O RING SEAL 


pyrex TUBE 


MAGNETIC 
FIELD 


_ CATHODE 
© RING SEAL 


Fig. 1. The experimental arrangement. 


plated rod; cathodes were mounted in a similar way 
so that the height of both electrodes was easily 
adjusted. Nickel-plating reduced sputtering® and 
the end plates were sealed with rubber rings. The 
anode seal is illustrated unscrewed in Fig. 1 to show the 
construction. A cold cathode gauge with a cylindrical 
anode similar to that of Penning and Nienhuis! was 
used as a standard. The calibration of this instru- 
ment has already been published*. Between the 
vacuum gauges and a 1-inch diffusion pump charged 
with silicone fluid DC 703 a re-entrant demountable 
vapour trap was interposed. 

A permanent magnet giving a field of 1,520 oersted 


was used for most of the experiments. In a limited 
number of experiments this was replaced by an 
electromagnet capable of giving fields up to 2,000 
oersted. The output of a half-wave rectifier could 
be varied from 1,700 to 3,600 V, and was connected 
through a ballast resistor and a multi-range current 
meter to the anode of the experimental gauge. The 
ballast could be varied from 100 KQ to 30 MQ. 

It is common to use a voltage of 2,000 and a ballast 
of 1 MQ with Penning gauges. These values repre- 
sent a convenient compromise between sensitivity and 
stability. The behaviour at high pressures is seriously 
influenced by the ballast resistance*. If this resist- 
ance is reduced, the linearity of the calibration is 
improved at pressures of the order of 10-? mm. Hg or 
higher. This is associated with larger ion currents 
which may lead to rapid contamination and deteriora- 
tion of the electrodes and envelope. A voltage lower 
than 2,000 impairs the regularity with which the 
discharge in the gauge strikes and with some arrange- 
ments it is necessary to increase the voltage at low 
pressures to improve the stability. 

The apparatus is designed so that ions or electrons 
can only reach one gauge from the other by negotiat- 
ing several corners with earthed metal walls. Never- 
theless, ions or electrons from each reached the other 
at low pressures in sufficient numbers to cause a 
significant change in the recorded current. This 
effect was present at all pressures but was relatively 
more important at low pressures. Measurements 
were therefore made with each gauge in turn. The 
anode voltage was not applied to both at the same 
time while measurements were made. The various 
curves shown were obtained by observing the ion 
current of the gauge tested and of the standard, as 
the pressure was reduced. The lowest pressures were 
obtained by cooling the vapour trap with liquid 
nitrogen. 

There are three reasons why measurements were 
not extended below 10° mm. Hg. In the majority 
of cases the variation of ion current, when plotted on 
a logarithmic scale, was linear in this range and there 
is little interest in extending the measurements to the 
pressure at which the discharge ceases. At low 
pressures evolution of gas from the walls, which were 


| 


not baked, and from the rubber 
sealing rings makes it difficult to 
obtain reliable figures. Finally the 
interaction of the gauges and the 
pumping action of both add to the 
uncertainty below 10° mm. Hg. 


General Comments 


The effect of varying the voltage 
is shown in Fig. 2. This graph was 
obtained using a particular gauge 
with a ring anode but the general 
shape is the same for all. At pres- 
sures of the order of 10-* or 10-mm. 
Hg the relation between current 
and voltage is approximately linear. 
The graph gives a positive intercept 
on the voltage axis. At lower pres- 
sures the relation is no longer linear 
but when extrapolated the lines 
meet the voltage axis at approxi- 
mately the same value. This inter- 
cept is of the order of 400 V for 
most of the gauges examined, 
though with some of the more com- 
plex designs discussed later the 
intercept was somewhat smaller. 

The data may be presented in 
the alternative and comprehensive 
form of Fig. 3, in which the voltage 
between the electrodes is plotted 
against ion current. For a parti- 
cular voltage applied to gauge and 
ballast resistor in series, various 
straight lines are drawn each corre- 
sponding to a different ballast 
resistance. Thus, when the ballast 
resistance is indefinitely large, there 
is no ion current, while the ballast 
resistance alone fixes the maximum 
current at high pressures. The 
currents measured with various 
ballast resistances at a series of 
constant pressures form curves 
which are convex to the voltage 
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Fig. 2. Effect on the ion current of varying the d.c. 
voltage applied to the gauge and ballast resistance. The 
data are for a gauge with }-inch ring anode between plane 
1-inch cathodes, 1 inch apart; ballast resistance 1 MQ. 


Fig. 3. Voltage between the electrodes against ion 
current for various ballast resistances. This * load-line’ 
graph was obtained with }-inch ring anode between 1-inch 
cathodes, I-inch apart. The dotted lines refer to a more 
complex structure described in the text—see Figs. 12a and 
I3a. 2,000 V across gauge and ballast. 
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axis. This technique’, which is reminiscent of the 
‘load-line’ in studies of electronic valves, shows 
the relationship of voltage, ion-current, ballast 
resistance and pressure. The performance under any 
given set of circumstances can be deduced. 

The most common calibration is a graph of the ion 
current as a function of pressure. It is necessary to 
specify the supply voltage and the ballast resistance. 
Pressure may also be indicated by recording the 
voltage required to give a particular ion current. The 
display illustrated in Fig. 3 can be used to determine 
the range of pressures to which this technique is 
suited. 


(a) RING ANODE 


(b) CYLINDRICAL ANODE (c)WIRE ANODE 


MAGNETIC FIELD 


Fig. 4.. Arrangement of cold cathode gauges 
suggested by Penning}. 


THE INFLUENCE OF ELECTRODE 
GEOMETRY 


Three common ways of arranging the electrodes 
were suggested by Penning! and are shown in Fig. 4. 
The present purpose is to examine the effect of 
altering the proportions of the components. Rings 
and wire electrodes were of nickel, 0.9 mm. in 
diameter (20 s.w.g.); molybdenum sheet, 0.13 mm. 
thick, was used for the plane and cylindrical electrodes. 
Throughout the experiments the supply voltage was 
2,000 and the ballast 1 MQ, unless particular 
reference is made to other values. 

With any gauge there may be an abrupt change of 
the ion current at a particular pressure when the 
stable mode of oscillation changes. Many of the 


graphs which follow confirm that the pressure at 
which the changes of mode occur depends on the 
geometry of the gauge and part of the present purpose 
is to examine to what extent these changes may be 
shifted outside the intended range of operation of 
a particular gauge. It has already been noted that 
the calibration curves refer to falling pressures. 
When the pressure is increased there is a delay or 
‘hysteresis’ in the change of mode so that the 
current continues to follow the upper line of the 
graph to a higher current than that shown in Fig. 5 
for example. The change may then occur at currents 
larger than that indicated by some hundreds of 
microamperes. If the pressure remains constant in 
a region where two modes are possible, the current 
may change suddenly as transitions take place 
between thetwo. Changes of mode are also influenced 
by the voltage and therefore the ballast resistance; the 
circumstances of the abrupt change alter in such a way 
that it occurs at approximately the same ion current. 


Disc Cathodes and Ring Anodes 


In the first experiments two cathode discs, 3 inch 
diameter and | inch apart, were used with a series of 
anodes of diameter ranging from } to 1 inch. Fig. 5 
shows that changes of mode occur at approximately 
the same current for all these gauges. At pressures 
less than those at which the mode changes, the 
calibration curves of all the gauges with anodes 
greater than } inch lie close together and for practical 
purposes may be regarded as the same. Since the 
larger anode diameters are associated with slightly 
greater sensitivity, the change of mode occurs with 
these at lower pressures. It follows that the change 
is a function of anode diameter as we should expect, 
for such a transition must be associated with field 
gradients in the discharge. An anode diameter of 
+ inch did not give stable characteristics and the 
graph for this must therefore be regarded as very 
approximate. An exception to the regular behaviour 
of the series of gauges was that of the gauge with an 
anode diameter exceeding 1 inch; the discharge was 
not stable, presumably because the anode was larger 
than the cathodes. 

This was confirmed by experiments with an anode 


of fixed diameter, 3 inch, and various cathode discs; 
these were again | inch apart. The behaviour of such 
gauges falls into two groups : Those, in which the 
cathodes were larger than the anode, behaved in a 
manner similar to the previous series with one change 
of mode. As the cathode diameter is reduced this 
discontinuity occurs at successively lower pressures, 
as is to be expected from Fig. 5, until the cathode has 
reached the same size as the anode. With gauges 
having smaller cathodes the matter is different. Fig. 
6 shows that, as the pressure is reduced, the current 
falls little until at about 10°? mm. Hg the current 
suddenly drops and, at the same time, the appearance 
of the glow discharge changes. In this new state the 
discharge is not stable and the current varies erratic- 
ally. The current continues to fall with pressure until 
eventually there is another change of mode when it 
increases to about the value observed with gauges 
having large cathodes. 

Changes of mode are associated with changes in the 
appearance of the discharge. At high (backing) 
pressures the discharge between the cathodes appears 
as a bright column of roughly the same diameter as 
the cathodes. When these are large this column over- 
laps the anode ring whereas with smaller cathodes it 
passes through the ring. The voltage between the 
electrodes under these circumstances is only 400-500 
and the geometry of the glow discharge is largely 
controlled by the shape of the cathodes, the magnetic 
field and the space charge. At lower pressures the 
anode has a focusing effect and the discharge no 
longer appears as a uniform column but forms a 
double cone, the apices lying towards the cathodes 
and the bases touching the anode ring. Usually a 
bright line is visible along the axis. The intensity of 
the glow falls with pressure until finally it appears as 
a disc of light inside the anode with a bright ring at 
the edge and, sometimes, a bright spot at the centre. 
When the anode is larger than the cathodes and the 
pressure is reduced from a high value, the glowing 
column disappears suddenly with the associated fall 
in current shown in Fig. 6 and we have the fainter 
conical discharge; this remains until a pressure is 
reached sufficiently low to ensure that the appropriate 
current density can be maintained. The poor 
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Fig. 5. Effect on the calibration of varying 
the diameter of the anode ring, 1-inch cathodes, 
1 inch apart. In this and all the following Figures, 
the ballast resistance is 1 MQ and the voltage 
applied across gauge and ballast is 2,000 V. 


stability of this conical discharge is worse if the ring 
of the anode is not completely closed, though this is 
marked only when the cathodes are some distance 
apart (1 inch). If the cathodes overlap the anode, 
one form of the discharge merges gradually into the 
other when the pressure is reduced. 

The effect of reducing the distance between the 
cathodes is shown in Fig. 7 which illustrates, in (a) 
and (b), the important practical possibility of reducing 


Fig. 6. Effect on the calibration of varying 
the cathode diameter. 2 inch anode ring, 
cathodes 1 inch apart. 
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10°§ 10 
PRESSURE mm Hg. 


Fig. 7. Effect on the calibration of varying 
the cathode spacing using cathodes 1 inch in 
diameter. See Table. 


the influence of the mode change to negligible 
proportions. In all cases the cathodes were 1 inch 
in diameter. The conditions under which the various 
curves were obtained are listed in the following Table. 


Fig. 8. Performance with cathodes of 
diameter equal to or less than the anode. (a) and 
(b), cathodes 2 inch, separated by 3 inch. (a) anode 
diameter ~ inch and (b) inch; (c) double 
anode, see text. 


r 
> 


1io3 


PRESSURE mm Ho 


Table 


showing the conditions under which the curves in Fig 7 were 
obtained. 


a b 
inch inch 


Cathode Separation 3 
Anode Diameter 


When the anode is reduced to ? inch, curves similar 
to (a) and (b) were obtained at the separations listed, 
but in these cases small discontinuities occur as shown 
in Fig. 7. The elimination of the mode change shown 
in curves (a) and (b) is achieved only at the expense 
of a reduction in sensitivity; the circumstances under 
which the calibration is smooth and shows no 
significant influence of changes in mode, are referred 


to below. 


Whatever theseparation, cathodes much smallerthan 
the anode are not the mostsuitable for a practical gauge. 
In Fig. 8 curves (a) and (b) refer to arrangements with 
cathodes of diameter 2 inch separated by 3 inch. In 
curve (a) the anode diameter is also 3 inch. The 
current falls rapidly with pressure but the graph must 
be regarded as an approximation since the measure- 
ments were not completely reproducible. The anode 
in (b) was { inch in diameter and this gauge also 
shows a steep characteristic. 

The curve (c) in Fig. 8 was obtained with a more 
complex electrode structure. The anode was formed 
of two parallel 3 inch rings, 3 inch apart, between 
cathodes of 1 inch diameter and 1 inch apart. The 
field distribution in some measure approximates to 
the cylindrical anode discussed below with the merit 
of a freer exchange of gas between the discharge and 
the vacuum system. The glow took the shape of a 
cylinder with a constriction in the centre and was 
stable. The characteristic shows no discontinuity 
associated with a change in mode. The sensitivity 
lies between the two cases (a) and (b) in Fig. 7 which 
also show no discontinuity. At pressures greater than 
about 5 x 10-4 mm. Hg the sensitivity of all three is 
effectively the same. 

An anode of two coplanar concentric wire rings, 1 
inch and } inch diameter, formed a gauge which was 
unstable at pressures less than 10% mm. Hg. The 
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small ring affected the focusing by the larger and the 
main glow was concentrated at one side of the small 
ring. As the pressure changed the glow moved about 
the anode assembly. One consequence of this 
asymmetry of the discharge was that at backing 
pressure the current passing to one segment of the 
outer wire was sufficient to raise its temperature to 
a dull red. 

Fig. 9 illustrates the performance of two ‘ double 
gauges ’, in which effectively two Penning gauges 
were placed in tandem or ‘ end-to-end’. In both 
there were three l-inch cathodes, $ inch apart, and 
between the cathodes two rings, 3 inch in diameter. 
The gauges differ in that one, see Fig. 9a, had a wire 
ring as the central cathode, whereas the other had a 
flat disc; in both cases discs formed the end cathodes. 


The former arrangement was stable with a high 


sensitivity; the glow discharge passed right through 
the central electrode. In the second model, (Curve 
9b), the solid central electrode divided the glow into 
two distinct discharges and since the two halves 
inevitably differ slightly, the gauge was not very 
stable. The increase of current, marked ‘ c’ in Fig. 9 
and recorded in the neighbourhood of 5 x 10° mm. 
Hg, did not always occur and there was some flicker- 
ing of the two discharges at pressures about 10-* 
mm. Hg. 


Ring Cathodes and Ring Anodes 


The attractive feature of a gauge in which cathodes 
and anode are open rings is that there is little impedi- 
ment to the exchange of gas between the volume 
‘enclosed’ by the gauge and the rest of the system. 
Curve (a) in Fig. 10 shows the calibration of a gauge 
with a 2inch ring anode between | inch ring cathodes, 
1 inch apart. The behaviour was very similar to that 
of the gauge with solid 1-inch cathodes save that there 
was no change of mode. At about 7 10-* mm. Hg 
there was indication of instability. An instrument in 
which all three rings were 3 inch in diameter was 
erratic in performance and successive calibrations 
were not reproducible. 

It is a disadvantage of the gauges using ring 
cathodes that the glow discharge passes through the 
centre of the ring and thus hits the glass wall. The 
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effect of deposits on the wall over a long period of 
time is not known, but it is to be expected that such 
gauges are particularly sensitive to this. 


Disc Cathodes and Cylindrical Anodes 


This form is often used and in the present work 
provided a reference against which all others were 
compared. If the cathodes overlap the anode such 
gauges are relatively insensitive to variations of 
structure. Figs. 11(a) and 11(b) show curves obtained 


3 


(ON CURRENT — 
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PRESSURE mm Hg. 


Fig. 9. Characteristics of ‘ double gauges ’. 
Details of construction are given in the text. 


with a cylinder, 3 inch long and 2 inch in diameter; 
in 11(a) the cathodes were 1 inch and in (b) 3 inch in 
diameter. The latter was not so stable and was 
sensitive to slight misalignment of the magnetic field, 
as might be expected from its proportions. A third 
gauge with an anode of the same diameter and smaller 
cathodes, ? inch in diameter, } inch apart so that they 
were inside the cylinder, was even less satisfactory. 
The curve (c) in Fig. 11 shows three modes, one of 
which records the only case in the present experi- 
ments in which the current exceeded that at backing 
pressure. 

If the anode is very small compared with the 
cathodes, the performance is erratic. In curve (d), 
of Fig. 11, the anode diameter was 3 inch, and the 
instability is clear. In a fifth version, also unstable, 
a i inch ring was mounted at the centre of the 3 inch 
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cylindrical anode. At backing pressure the discharge 
was almost entirely outside the cylinder, and as the 
pressure was reduced, the glow disappeared except 
for a faint discharge inside the }-inch ring. Even this 
disappeared when the pressure was reduced to less 
than 10-4 mm. Hg. 


Rod or Wire Anodes 


A gauge was built using the third design of Penning, 
in which an axial anode wire passed through holes, 
0.1 inch in diameter, punched in the cathode plates, 
see Fig. 4(c). At backing pressure this gauge showed 
the same order of current as the others, but when the 
pressure was reduced the glow surrounding the wire 
flickered and disappeared before the pressure had 
reached 3 x 10-4 mm. Hg. 

Variants of the original Penning gauges have been 
studied by Broad®, by Klemperer® and by Beck and 
Brisbane’. We have accordingly examined the gauges 
illustrated in Fig. 12. These models are smaller than 
the originals,®* being } inch in diameter. The anode 
rod of the first gauge, Fig. 12(a), had a sharp pointed 
end; its performance, with one end of the cathode 
cylinder open, is illustrated in Fig. 13(a). This is the 
gauge, to which the dotted lines in Fig. 3 refer. In 
action, a narrow beam of glowing gas extends from 
the interior of the cathode cylinder to the glass wall, 
but in a second version a plane metal gauze which 
closed the end of the cylinder prevented this; the 
calibration of the instrument when so modified is 
illustrated in Fig. 13(b). 

A cylindrical cathode open at both ends, with an 
axial wire anode, is ineffective as a vacuum gauge 
even at backing pressures; this is not surprising since 
the arrangement does not ensure that the operational 
volume is traversed many times by the electrons 
before they escape to the anode. 

The gauge based on Klemperer’s design is shown 
in Fig. 12(b). The characteristic is not straight and 
there is a sharp drop in ion current at about 2 x 10-4 
mm. Hg when the anode voltage is 2,000, and ballast 
1 MQ. The pressure at which this break occurs 
may be reduced by a factor of 10 by increasing the 
applied voltage to 3,600 or more. Since gas exchange 
with the rest of the system is through the small holes 


of 0.1 inch diameter in the cathode, there may well 
be a significant difference between the pressure inside 
and outside the cylinder. Proper calibration of the 
instrument was not easy since at a nominally constant 
pressure the ion current fell steadily, clearly a 
consequence of gas adsorption inside the cathode 
cylinder. 


Disc Anodes 


Several experimental arrangements were tried in 
which the ring or cylindrical anode of the Penning 
gauge was replaced by a small flat disc. None of the 
gauges with such an anode operated satisfactorily, 
even at backing pressures. 


EFFECT OF THE MAGNETIC FIELD 


Since it is common to use a permanent magnet to 
supply the field for Penning gauges, such a magnet 
was used in the above experiments. At high pressures, 
of the order of 10° mm. Hg, the magnetic field may 
change the appearance of the glow discharge, but has 
little effect on the current which is limited by the 
ballast resistance. At lower pressures, however, the 
magnitude of the magnetic field may be important. 

Using the same experimental arrangement as 
before, the permanent magnet was replaced by a 
large electromagnet to obtain the curves of Fig. 14 
which shows the ion current as a function of the field, 
(a) with a ring anode, see Fig. 4a, (b) with a cylindrical 
anode, Fig. 4b, and (c) the gauge illustrated in Fig. 
12(a). Related gauges gave graphs of the same general 
shape as those illustrated. Details of the curves such 
as the position of the maxima and minima depended 
on the exact electrode structure, the pressure and the 
applied voltage; for example, when the voltage was 
increased the various irregularities in the graph 
became more accentuated. When the magnetic field 
is greater than 2,000 oersted the curves are relatively 
smooth and increasing the field leads to a gradual 
decrease of the ion current. There is a minimum 
magnetic field H., below which a gauge will not 
operate with a particular supply voltage. In Fig. 14, 
the largest H, is obtained in case (a), with the ring 
anode. H,1is reduced if the diameter of the anode is 
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Fig. 10. Characteristic of gauges with ring 
cathodes and ring anode; 2-inch anode between 
1-inch cathodes, 1 inch apart. 


Fig. 11. Performance with cylindrical 
anodes. (a), (b) and (c), cylinder ? inch long 
and inch diameter; (a) cathodes : inch dia- 
meter, (b) cathodes 2 inch diameter, (c) cathodes 
2 inch diameter inside the anode, } inch apart. 
(d) cylinder 3 inch long and 2 inch diameter; 
cathodes 2 inch diameter. 
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Fig. 12. Gauges with (a) rod and (b) wire anodes, 
in a cylindrical cathode; for details see text. 
Fig. 13. Performance of gauge illustrated in Fig. 12a, 
(a) with free end of cathode cylinder open, and (b) with 
free end of cylinder closed by gauze. 
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Fig. 14. Effect on the 
current of varying the 
magnetic field; (a) gauge 
illustrated in Fig. 4a, 
(b) gauge illustrated in 
Fig. 4b, and (c) gauge illus- 
trated in Fig. 12a. The 
peaks in curves (a) and (b) 


are related to the mode 
changes of the particular 
gauges, and are therefore 
dependent upon dimen- 
sions and pressure. These 
curves were obtained at 
about mm. Hg. 


MAGNETIC FIELD (OERSTEDS) ——> 


increased, 

The effect of mode changes has already been noted. 
These are influenced by the magnetic field, and 
various sections of the graphs in Fig. 14 may be 
distinguished. Consider first the case of a ring 
anode, Fig. 14a. When the field is large, greater 
than about 1,500 oersted, a single mode change 
occurs; this is the case already discussed. With 
smaller fields there are two mode changes which 
become three as the field is further reduced, the 
interval of pressure between each becoming larger. 
The associated changes of ion current are not large 
and indeed are little more than irregularities in the 
graph so that they do not seriously affect the 
calibration, provided that the existence of such 
changes is recognised. It seems likely that at very 
large fields the importance of the single mode change 
could be reduced to negligible proportions. 

With a cylindrical anode, the peaks observed with 
fields less than about 1,200 oersted correspond to the 
single pronounced mode change already described*. 
When the field is increased the change becomes 
smaller so that the pressure calibration is virtually a 
smooth curve from about 1,500 oersted to about 1,700 
oersted. Above 1,700 oersted the discharge shows 


signs of instability; the current may fall smoothly and 
continuously as the pressure is reduced or alternat- - 
ively below 10-* mm. Hg the current may fall slightly, 
then increase suddenly and finally at a lower pressure 
revert to the original calibration. Both sequences are 
found with the same gauge. The second is more 
likely to occur with large fields and it is probable that 
the rate of change of pressure with time is a factor in 
deciding which way the gauge will behave. 

It appears that the magnetic field should be large 
for gauges with ring anodes whereas with a cylindrical 
anode a field of not more than 1,600 oersted is to be 
preferred if a smooth calibration is required. For 
high sensitivity at low pressures, a cylindrical anode 
with a field of 700 to 1,000 oersted is most suitable 
since the mode change occurs at relatively high 
pressures. 


CONCLUSIONS 


The present purpose has been to examine empiric- 
ally the influence of the geometrical arrangement of 
the electrodes on the performance of cold-cathode 
ionisation gauges. Little attention has therefore been 
given in this account to physical interpretation. 
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Inevitably the phenomena encountered are complex. 
A systematic study of the changes of mode which 
occur would in itself have required many more 
experiments. 

Various dispositions of the electrodes have been 
tried without much success and require no comment. 
The behaviour of a simple plane anode facing a plane 
cathode is however worthy of mention since in this 
case the electrons move in spiral paths in the magnetic 
field but to and fro oscillations parallel to the axis do 
not occur. It was found that the presence or absence 
of the field makes little difference; in particular the 
relatively high pressure at which the discharge goes 
out is not seriously reduced by the magnetic field. 
Such observations confirm that the to and fro 
oscillations contribute materially to the behaviour of 
Penning gauges. 

The tolerances which can be permitted in con- 
struction and calibration are important in commercial 
production of any instrument. If certain obvious 
precautions are taken, for instance if the field strength 
lies within the appropriate range, this presents little 
problem. Indeed, ease of production is one of the 
attractive features. 


PENNING, F. M., Physica, 4; (1937), 71- 
‘A New Manometer for Low Gas Pressures, in 
Particular for the Range 10-* to 10-° mm. Hg.’ 

PENNING, F. M., Philips Tech. Rev., 2, (1937), 201. 

‘ High Vacuum Gauges ’. 

PENNING, F. M. and NIENHUIS, K., Philips Tech. Rev., 
II, (1949), 116. 

‘Construction and Application of a New Design of 
the Philips Vacuum Gauge ’. 

2 Conn, G. K. T. and Dac iso, H. N., Vacuum, 3, 
(1954), 24. 
‘ Cold-Cathode Ionisation Gauges for the Measure- 
ment of Low Pressures ’. 

Conn, G. K. T. and Dactisn, H. N., 7. Sct. Instrum., 
31, (1954), 433. 

‘The Influence of the Ballast Resistance on the 
Performance of Penning Vacuum Gauges ’. 


COLD-CATHODE VACUUM GAUGES 


References 


One disadvantage of these gauges is that, in their 
usual form, there is a discontinuous change of 
mode. In itself this is less of a handicap than 
the ‘ hysteresis’ in the ion current-pressure curve 
whereby there is a region in which two different ion 
currents may correspond to the same pressure. It 
emerges that gauges may be obtained with which 
there is no discontinuity in the ion current; reference 
may be made to Figs. 7(a) and 7(b), 8(c), 9(a), 10(a) 
and 13(a) and 13(b). This convenience is obtained at 
the expense of some loss of sensitivity so that, if a 
gauge is to be used regularly at low pressures, the 
benefit is not worthwhile. If a gauge is to be used 
over a particular range of pressures, it is not difficult 
to ensure that the mode change falls outside this range. 
Broadly speaking, gauges with cylindrical anodes give 
the highest sensitivity. The most stable general pur- 
pose gauge occupying a given volume is one with 
more than two cathodes, see Fig. 9(a). 


One of us (H.N.D.) wishes to express his apprecia- 
tion to the Department of Scientific and Industrial 
Research for their support. 


STRONG, J.,; Modern Physical Laboratory Practice, 
(Blackie & Sons Ltd., London, 1938), 163. 


4 STECKELMACHER, W., Private Communication, (1954). 


5 Broab, D. A. G., Brit. Pat., 638,178. (1950). 
‘Improvements r.t. Apparatus for Measuring Low 
Gas Pressure ’. 


6 KLEMPERER, O. E. H., Brit. Pat. 555,134. (1943). 
‘Improvements i.0.r.t. Apparatus for Measuring 
Low Gas Pressure ’. 

LUNDBERG, D. A., Elect. Engng., 26, (1954), 436. 
‘ A Differential Leak Detector for Evacuated Vessels ’. 


7 Beck, A. H. and BRISBANE, A. D., Vacuum, 2, (1952): 


‘ A Cylindrical Magnetron Ionisation Gauge ’. 


Note added in proof : Reference may also be made to the paper of M. Varicak and B. Vosicki on ‘ Oscillographic Measurement 


of the Penning-Gauge Characteristics ’. 


(F. Sct. Instrum., 32 (1955), 346.) 


¢ ERIE, 
Tol. 
4 
1954 
3 
146 
RAS? 
te 


Vacuum, Vol. IV No. 2 


April, 1954 


A SENSITIVE LEAK DETECTOR 


using magnetron ionisation gauges 
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Summary 


THE EXPERIMENTAL DEVELOPMENT of a leak detector 
using differential operation of two magnetron ionisation 
gauges is described. The gauges are connected in an 
a.c. bridge circuit and the modulation is introduced by 
superimposing a small a.c. magnetic field on the d.c. field. 
The detector is particularly adapted for use with clean 
and outgassable vessels such as thermionic valves and 
cathode-ray tubes. Under these conditions leaks of less 
than 10~* lusec could be detected and the instrument is 
therefore as sensitive as commercial mass spectrometer 
leak detectors, while being much cheaper. 


Standard Telecommunication Laboratories Ltd., 


Enfield, Middlesex.* 


Sommaire 


DESCRIPTION est faite du développement expérimental d’un 
détecteur de fuite, employant l’opération différentielle de 
deux magnétrons servant de jauges a ionisation. Les 
jauges sont branchées dans un montage en pont, a courant 
alternatif, et la modulation est introduite en superposant 
au champ magnétique continue un faible champ magnétique 
alternatif. Le détecteur est particuliérement adapté pour 
étre employé avec des récipients propres et dégazables 
tels que valves thermioniques et tubes cathodiques. 
Sous ces conditions, des fuites moindres que 10~* lusecs 
peuvent étre detectées, et, de ce fait, linstrument est 
aussi sensible que le spectrométre de mass détecteur de 
fuites, qui est sur le marché, bien qu’étant moins cher. 


INTRODUCTION 


THE NEED FOR A LEAK DETECTOR capable of detecting 
very small leaks is well known to all valve engineers 
and is especially pressing when metal-glass envelope 
valves using welded or brazed joints are considered. 
To obtain an order of magnitude for the minimum 
detectable leak, consider a typical medium power 
valve with a volume of | litre. Leaks which cause 
the pressure to rise to values sufficient to give a 
Tesla coil discharge (10% mm.Hg) in times of 
between one and four weeks are common. The 
corresponding leak, rates are 1.610-® lusec and 
4x107 lusec or less. Mass spectrograph leak 
detectors will perform this function but have the 


* MS. received, August 1955. 


disadvantages of high first cost and of requiring 
the provision of a helium supply. Helium has to 
be imported into the United Kingdom. 

Ordinary ionisation gauges have been used in 
bridge circuiis for leak detection, the probe gas 
being kept out of one gauge by either a chemical 
trap or a liquid air trap. The sensitivity of such an 
arrangement is less than that of the mass spectro- 
graph, Turnbull! giving a factor of 4 when butane 
is used as a probe gas and 16 when carbon dioxide 
is used. 

A new type of magnetron ionisation gauge has 
recently been developed in this laboratory and is 
described in a paper by Beck and Brisbane?. This 
gauge is more sensitive by a factor of about 100 than 
the normal ion gauge. It was therefore decided 
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to construct a differential leak detector using these 
gauges* in order to determine whether it was possible 
to improve on the differential detector using ordinary 
ion gauges. 

A d.c. bridge circuit gave promising results but 
the usual difficulties in d.c. amplification were 
experienced. A new system in which the gauge 
current was modulated at audio frequencies was 
therefore constructed’. This detector gives clear 
indications of leaks smaller than 107 lusec. 

The present paper gives full design and operating 
data for this detector. 

The complete unit can be made into a single 
mobile console which is independent of external 


* Other cold-cathode gauges might work equally well 
provided that the a.c. power required for the modulation 
coils could be readily obtained. 


P, OTRAP 


Fig. 1. (left) Essentials of bridge circuit for 
d.c. leak detector. 


The photograph below 
shows the a.c. version of the 


leak detector which forms the 
subject of this article. 


Fig. 2. (left) Vacuum system for d.c. leak 
detector. 
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Fig. 3 
Photograph 
and sectional 
drawing of 


Fig. 4 
Plot of gauge 
current ver- 
sus d.c. field 
current 
showing two 
sets of char- 
acteristics. 
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supplies, with the exception of cooling water and 
liquid air and single phase a.c. 


PRELIMINARY EXPERIMENTS 


It was apparent from the outset that a detector 
using the gauges in a bridge system was essential, 
in order to obtain the required sensitivity with a 
reasonable degree of stability. The bridge detector 
was a d.c. amplifier, and extra high tension for the 
LS1017 gauges was obtained from an r.f. oscillator 
e.h.t. unit. The essentials of the d.c. bridge circuit 
and the vacuum system are shown in Fig. | and Fig. 2 
respectively. The theory of operation for this 
system is very simple and, obviously, if R,—R, and 
I,=I,, then a d.c. balance is obtained. This condi- 
tion is easily obtained by varying the magnetic field 
and /or the e.h.t. applied to each gauge independently. 

The vacuum system (Fig. 2) was constructed to 
keep the volume as far as the tap to a minimum, 
whilst at the same time Keeping the conductances 
large. 

This system was tested by introducing a small 
leak at the needle valve, balancing the bridge and 
then replacing the air flowing into the needle valve 
by a probe gas (the probe gas used in this laboratory 
is butane, which is quite satisfactory; carbon dioxide 
has been tried on occasions but gives less sensitivity). 
The probe gas flows through G, and is then con- 
densed in the vapour trap. The introduction of 
butane causes the current through G, to rise rapidly 
and at the same time G, experiences a fall in pressure 
and hence passes less current. All this means that 
the bridge is thrown violently out of balance, the 
out-of-balance voltage being amplified and applied 
to the meter M in Fig. 1. 

Unfortunately, the simple system outlined above 
proved to have several disadvantages in practice. 
First, the d.c. amplifier, which used a high-mu 
double triode valve with reduced heater voltage, was 
not sufficiently stable to permit operation with a 
high gain and it was difficult to maintain a balance. 
Secondly, any sudden change in gauge current in 
the form of a kick was amplified and gave rise to 
jitter on the output meter. These kicks could be 
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caused by insulation leakage* at high voltage, or a 
sudden outgassing of metal parts in the gauge. It 
will be appreciated that all these factors put a definite 
limit on the amount of amplifier gain and hence the 
sensitivity of the system. Therefore a selective a.c. 
amplifier seemed the next line of attack since a 
narrow band-pass in the amplifier would drastically 
reduce the response to short pulses. Stability, high 
gain and a high degree of selectivity are easily 
obtained from a comparatively simple arrangement. 


A.C. MODULATION AND DETECTION 


In order to use an a.c. amplifier as the detector 
for the bridge an alternating component of gauge 
current is needed. The modulation frequency 
chosen was =700 cs and the method adopted for 
modulation is shown in Fig. 3. The d.c. polarising 
winding consists of 3,000 turns 22 s.w.g. single-silk 
enamelled wire on a Paxolin former. The a.c. coils 
are wound on a brass former, slotted lengthwise so 
as not to constitute a shorted turn. The windings 
are 170 turns 26 s.w.g. single-silk enamelled wire in 
a single layer closely wound. The d.c. magnetic 
field winding is energised from a low voltage source 
having negligible ripple whilst the a.c. coils are fed 
from the 700 c/s oscillator. 

Fig. 4 shows some representative curves of gauge 
current J. plotted against the d.c. field current 
which is directly proportional to H. The value of 
H is chosen so that the gauges operate on the steep 
part of the curve, since, at this point, we get a 
maximum change of current /,, for a given change 
in H and also a maximum change in slope for a 
given pressure change in the gauge. Obviously, if 
we now energise the a.c. coils the instantaneous 
value of H varies at a frequency of 700 c's about 
this mean level. The resulting a.c. component of 
I, develops a voltage across the cathode load of the 
gauge, which is amplified in a selective amplifier. 

In the leak detector we have to compare the a.c. 
signals from two gauges, both modulated as has 
* The insulation leakage was found to be due to air lines 
in the glass bead insulators shown in Fig. 3 of the article 


by Beck and Brisbane? (See Vacuum 2, No. 2, 139). 
These were eliminated by more rigorous inspection. 
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Fig. 5 
Essentials of the 
bridge circuit for 


the ac. leak 
detector. 


been described above. This is done as follows:— 

Initially both gauges are set up so as to pass approxi- 
mately equal d.c. currents. This can be achieved by 
either varying the h.t. voltage or the magnetic field. 
In practice the field is varied, for reasons which 


will emerge later. The modulation current is passed 
through the modulation coils connected in series, 
and the a.c. voltages across the load resistors are 
applied to the inputs of a differential amplifier, so 
that, if the voltages are identical in phase and 
magnitude, a condition of zero output is obtained. 
The a.c. voltages are balanced by altering the phase 
and magnitude of the a.c. input load on one amplifier 
grid, leaving the d.c. gauge load resistance fixed. 
The range of the product CR provided is chosen 
so that the d.c. currents in the gauges can be 
different by a factor of about 2:1 in either sense. 
A diagram of the arrangement is shown in Fig. 5. 

Some comments on the circuit details are given 
below. 


The Differential Head Amplifier and Main 
Amplifier 

A circuit diagram is shown in Fig. 6. The differ- 
ential amplifier is a conventional arrangement using 
a high-mu double triode valve working between 
positive and negative rails, so that the cathode load 


resistor can be made large enough to obtain sufficient 
discrimination between in-phase and anti-phase 
signals. The measured difference in signal level 
between the in-phase and anti-phase condition is 
at least 50 dB, which is ample for our purposes. 

The output from the differential amplifier is taken 
to the main amplifier via an attenuator which intro- 
duces 6dB loss per step. Selectivity is obtained by 
including a high Q tuned circuit in the anode of the 
input pentode. The band width is about 50 cycles. 
Coupling condensers in the early part of the circuit 
are chosen so as to discriminate against 50 c's signals. 

The second stage in the main amplifier is a straight- 
forward CR stage which feeds a cathode follower. 
The output from the cathode follower is metered 
by a diode peak voltmeter using germanium diodes, 
The 50.A meter used here is arranged so that it 
can be switched into the gauge circuit to determine 
the direct current when setting up. 


700 ¢.p.s. Modulation Oscillator 


This is a conventional Wien bridge oscillator 
with a beam tetrode power amplifier, as shown in 
Fig. 7. 

Care must however be taken to minimise the 
harmonic output from the oscillator as this may 
prevent a good balance from being obtained, due to 
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Fig. 6. Complete diagram of the 
700 c/s amplifier. 


Fig. 7. 700 c/s sine wave generator. 


cross-modulation. The Wien bridge 
circuit is, of course, good from this 
point of view and the only point 
that needs comment is the use of a 
thermistor to obtain amplitude 
stabilisation and good starting of 
the oscillation. 

The 5763 stage is an ordinary 
class A amplifier matched to the 
highly inductive load by a good 
quality transformer. Distortion of ; 
less than 2°, is introduced at this 
point but the use of a push-pull 
stage, possibly with resistance load- | 
ing to absorb the increased power, me 
is felt to be desirable and would 
be used in a new instrument. 


Power Supplies 


The circuit diagram of the power | 
supplies and the general switching 
arrangements are shown in Fig. 8. 

These require little comment. Care 
has been taken to ensure that the 
a.c. ripple has been reduced to ae... 


(20ma 10H 


the polarising winding supply. This 
is a great convenience in setting up 
and maintenance, since the test | 
. + +e + + EARTH 
points, such as the input to the 
| SELENIUM STACKS POWER SUPPLY OSCILLATOR UNIT 
differential amplifier, can be in- 
spected on an oscilloscope without RSIS 
an interfering 100 c.p.s. ripple. 3 
From the point of view of opera- 12 
the low frequencies are eliminated | | con 
in the selective amplifier. £ 


Fig. 8. Power supplies and general 
switching arrangement. 
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The simple and effective method of obtaining a 
low current supply at —300V, without a separate 
transformer winding, should perhaps be noted. 


GENERAL CONSTRUCTION 


Electronics 


The head amplifier, main amplifier and oscillator 
are constructed in the form of three separate, well- 
screened units. Great care must be taken with the 
screening throughout. Co-axial cable alone is not 
effective at these frequencies and extra screening 
has been used in the connections between the gauges 
and the differential amplifier. 

Each gauge, with its field coil and modulating 
coil, is mounted in a sheet steel compartment and 
the formers of the modulation coils are grounded. 


Vacuum System 

The vacuum system is shown schematically in 
Fig. 9. A 2+stage 50 1./min. rotary pump provides 
a backing vacuum for a two-stage all-glass mercury 


Detailed view of the 
a.c. leak detector assembly. 
(See diagram of vacuum 
system on opposite page.) 


pump. This in turn gives the backing vacuum for a 
fast single-stage glass mercury pump. A tap and 
phosphorous pentoxide trap are provided on the 
backing side. The high vacuum connection of the 
single-stage mercury pump is taken to a liquid 
air trap and then on to an all-metal vacuum tap, 
similar to that described by Alpert*, which serves 
as a fine speed control. One of the two gauges is 
branched off the system at this point. The vacuum 
line then passes through a second liquid-air trap, 
through the remaining gauge and thence to the 
input of the leak detector. 

The operation is then as follows:—We assume for 
the moment that we have sealed a leaking vacuum 
vessel to the input. The d.c. gauge currents are 
adjusted to near equality by varying the polarising 
fields and the bridge is balanced by adjusting the 
CR elements in the a.c. load of gauge No. 1. The 
probe gas is then squirted through a nozzle on to 
the vessel under test. When the nozzle comes near 
the leak the air leaking into the detector is replaced 
by a mixture of air and probe gas. The probe gas 
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Fig. 9. Vacuum system 
of the a.c. leak detector. 
(See photograph of the as- 
sembly on opposite page.) 


TWO STAGE 
DIFFUSION PUMP 


R,O, TRAP | 


MECHANICAL 
ROTARY PUMP 


has a much higher ionisation cross-section than air, 
so the d.c. and a.c. current in G, increases. However, 
the trap between G, and G, prevents the probe gas 
from reaching G, and the quantity of air reaching 
G, is reduced, so the currents in G, go down. The 
bridge unbalances and a deflection of the output 
meter results. 

Some comments on the arrangement used are in 
order. We have found that mercury pumps, when 
adjusted to boil steadily, give smoother pumping 
than is obtained from oil diffusion pumps, at least 
those which we have tried. Secondly, it is usually 
recommended that the gauges should both be 
branched off the same point with the conductances 
between the vacuum main and each gauge carefully 
equalised. This would, theoretically, give the 
maximum degree of discrimination against fluctua- 
tions in the pressure at the gauges. We have 
obtained better overall results with the system shown, 
as the gain in sensitivity more than counteracts the 
increase in noise. This may be due to some 
peculiarities of our system. Lastly, we must refer 


to the problem of mechanical vibration. The rotary 
pump is mounted on shock absorbers which prevent 
the vibration being transmitted to the main frame- 
work and thence to the gauge anode. A rubber 
connection is included in the backing line for the 
same reason. In spite of these precautions some 
residual vibration was found. It varied very much 
from gauge to gauge and was eventually traced back 
to variations in the anode wire tension. These were 
overcome by employing a much stronger tension 
spring than was described in the earlier paper?. The 
diameter of the tungsten wire was also increased to 
0.004 inch.* 

When these precautions have been taken, it is 
possible to obtain a very clean 700 c.p.s. signal which 
gives a good balance, limited only by noise. The 
major source of noise appears to be in the gauges 
themselves, but as will be shown later, the noise is 
sufficiently small in amplitude to allow of extremely 
effective leak detection. 


* This modification results in an unimportant decrease 
in sensitivity. 
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The photographs give a good idea of the layout. 


The Gauge Behaviour as It Affects Setting Up 


The essential points of the gauge behaviour are: 

1. For a fixed anode voltage V, and load resistance 
R,, the slope of the J, vs. H characteristic 
increases with increasing pressure. 

. The slopes of these characteristics are steeper 
near the cut-off value of field. It has been found 
that a current of 5.0 A d.c. is a very satisfactory 
value to aim at. This value is obtained over a 
range of pressures by roughly equalising the 
magnetic fields and altering V, until the 
desired current is obtained. 

. Near the cut-off, the slope of the characteristic 
is a function of V,, but is nearly independent 
of H. For this reason both gauges are used 
with identical V,, and equal d.c. load resistors 
and H is varied to obtain partial balance. 
This behaviour is illustrated in Fig. 4. 

If these points are kept in mind, the setting-up 
procedure is obvious. Two cases are of interest 
and the first, 7.e. the case where the suspected leaky 
vessel is sealed to the system, has been outlined 
on page 153. The only question not discussed there 
is the pumping speed. Turnbull’ has shown 
in a rather general way that optimum leak 
detection is obtained when the pumping speed in 
litres /sec. is adjusted to be one tenth of the volume 
under test (in litres), including the input side to 
the first trap of the leak detector. With big leaks 
and rather slow speeds it may not be possible to 
reduce the pressure sufficiently to make the gauges 
work under proper conditions (see also previous 
paper’). In this case the speed should be increased 
by opening the tap. The loss of theoretical sensi- 
tivity is not important as the leak must be large to 
give these unfavourable conditions. 

In the second case a variable probe or ‘ sniffer ’ 
is attached to the detector by means of a short 
length of treated Neoprene tubing. The test volume 
is filled with probe gas under pressure and the 
‘ sniffer’ passed over the outside until a leak is 
found. This method of testing is less sensitive 
than the first, but has obvious advantages, especially 


in valve production. In this case the leak through 
the ‘ sniffer’ should be adjusted so that the current 
of 5A is obtained only when the h.t. voltage is 
increased to nearly the full available value. Balancing 
is then carried out exactly as before. This ensures 
that the instrument is used under conditions which 
yield maximum sensitivity. 

It has been found that persistent applications of 
the probe gas tend to contaminate the gauges and 
sensitivity is lost. This can be corrected by closing 
the ‘ sniffer’ valve or sealing off the test vessel, 
opening the metal tap and pumping the system down 
toa good vacuum. While this is being done a current 
of at least 50uA is passed through the gauges (at. 
high V, and H). This process soon restores the 
instrument to the original condition. 


MEASUREMENTS OF MINIMUM 
DETECTABLE LEAK 


In order to provide an objective standard for 
leak measurements, initial tests were made on leaks 
consisting of lengths of Kovar wire provided with 
a central 0.001 inch hole and sealed through a glass 
wall. The wire was kindly given us by Messrs. 
Accles and Pollock. This idea was abandoned, as 
the required lengths turned out to be much too long 
and there was always considerable difficulty in 
ensuring that the hole was not clogged with dust 
or oxidised in the sealing process. 

Eventually, a two-stage method was used. This 
can be understood by reference to Fig. 10. A glass 
capillary is sealed on one side to the leak detector 
input and on the other to a vessel, in which the 
pressure may be lowered by means of a rotary pump. 
This vessel has connections for a Pirani gauge and a 
‘sniffer’ or needle valve. The glass capillary is 
chosen to be of such a size that it can easily be 
calibrated as a leak from atmospheric pressure, but 
will represent only a leak of about 10° lusec when 
the pressure on the high pressure side is reduced 
to about 10 micron. A leak of 5.0—10 lusec is 
useful. The first step then is to calibrate the capillary 
leak by measuring the rate of increase of pressure 
produced in a known volume. Then 
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VdP 
L=-—= 1 
where L, = viscous leak in lusec, 
V = volume in litre, 
P = pressure in micron Hg 


The effective diameter is then determined from 
the viscous flow condition 


where d = diameter in inches, 
] == length in inches, 
Pu, = average pressure, 
Pug == pressure on high pressure side 
— 7.60 10° micron Hg 
Pu, = pressure on low pressure side 
— 100 micron Hg maximum 
Approximately, 
2907 Pits (3) 
We next use the values of d and 7 so obtained to 
calculate the leak rate under molecular flow 
conditions from 
3 
Using these results a plot of leak rate vs. Pu.—Ppy 
can be made and it will be obvious from the plot 
which flow condition obtains at any given pressure 
difference. 
The apparatus is now ready for use and is con- 
nected as shown in Fig. 10. 
The next step is to adjust the needle valve until 
a steady reading is obtained on the Pirani gauge. 
This reading is noted. The probe gas (butane) is 
then applied to the needle valve and the deflection 
of the leak detector noted. The needle valve is 
then slightly closed, giving a smaller reading on the 
Pirani, and the process is repeated until the leak 
cannot be detected. The Pirani reading with the 
valve shut is also determined. 
To use this method we have to be able to calculate 
the partial pressure of butane in the intermediate 
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vessel. This can be effected by using the results 
given by Turnbull’. He shows that 


—St —nSt 
— 
Where P, = total pressure in volume V, 
L = leak rate in lusec, 
+ = time after start of probing, 


k = ratio of gas to air flow rate, 
n = ratio of pump speeds (gas/air), 
S = pump speed (litres /sec.). 


LEAK CAPILLARY 


AT 
7-6xIOA AIR 
TO LEAK DETECTOR 
PRESSURE ASSUMED ZERO 
WHEN ATTACHED TO 
4 DETECTOR | 
4 | 
GLASS VESSEL 
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PRESSURE Pu TAP | 
| 
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INLET | 


Fig. 10. Arrangement for measurement of 
minimum detectable leak. 


The partial pressure of butane is given by the 
second term in the square bracket. If probing is 
continued for a long time, as it is in our case, the 
maximum partial pressure of butane is 


Lk 

P= 

Sn 

For a rotary pump we are informed* that n=1. 


For butane, in the viscous flow condition which we 
use in the needle valve, k—0.1025 (I.C.I. data). The 


(6) 


* Private communication from Mr. W. Steckelmacher. 
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pump maker’s data give S as a function of pressure, 
allowing L to be determined. 

A sample calculation will make the process clear. 
Suppose the Pirani gauge indicates a pressure of 


CALIBRATION CURVE FOR 
GLASS CAPILLARY DIMENSIONS 


O'S LONG. CALCULATED DIAMETER 
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Fig. 11. Calibration curves. 


9 Hg with the valve shut. The corresponding value 
of pump speed is S=0.125 litres/sec. The valve 
is then opened until the gauge reads 11 Hg i.e. 


S=0.155 litres /sec. 
The leak rate is then 
0.155 x 11—0.125 x 9=0.54 lusec. 


Then, when butane is substituted for air, 


— 054x0.1025 


Here, the average pump speed has been used. 

The air leak rate corresponding with this pressure 
can now be read off from the calibration of the 
capillary, assuming Py, © ie. is > 0.4u Hg. 
This may not be strictly correct for such small 
pressures but the error tends to underestimate the 
sensitivity of the leak detector. An error in the 
opposite direction occurs in the use of the rotary 
pump speed curves. These were not corrected for 
connection conductance and may well err on the 
side of optimism at low pressures. If a reasonable 
value of connection conductance is assumed the 
calculated butane pressure is increased by less 
than 2%. 


RESULTS 


In the final measurements the pumping speed 
was reduced until Turnbull’s criterion for sensitivity 
was obeyed. The procedure outlined in the last 
section was carried out. Typical results were 
deflections of 25uA thirty seconds after applying 
butane to the needle valve when the latter was 
adjusted so as to give a Pirani reading of lly Hg. 
The partial pressure of butane, calculated above, 
then gave a leak rate of 1.5107 lusec. from the 
calibration chart (see Fig. 11). The ‘ noise’ signal 
fluctuated between 5—10uA when the apparatus was 
balanced at the beginning of the experiment. Similar 
results have been obtained on many occasions. The 
deflection went up very sharply as the pressure was 
adjusted to values > 124Hg. This was expected as 
the partial pressure of butane goes up rather sharply. 
For instance, at 204 P,==2. Leaks of this order can 
be detected with the greatest ease. 

We should have preferred a more direct method 
of measuring the leak rates. Various techniques 
were discussed and discarded. Among these the 
possible use of porous ceramic or metal plugs may 
be noted. It was feared that the butane absorbed 
in the pores would be almost impossible to pump. 
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away, therefore this device was not tried. The essential 
difficulty is that even if one can make a leak giving 
a rate of about 10°’ lusec from atmospheric pressure 
it would be impossible to calibrate it. In addition, 
experience on valves shows that dust or finger grease 
can often seal such minute leaks. 

In spite of the errors and uncertainties of the 
method described above we feel that it cannot 
possibly be in error by a factor of 10 and we therefore 
feel justified in claiming that leaks of 10-7 lusec 
are readily detected with this instrument, even when 
conditions are far from perfect. 


CONCLUSIONS 


A leak detector has been described which is as 
sensitive as the mass spectrometer and much less 
expensive. It utilises a readily available probe gas. 
A supply of liquid air is necessary for the operation 
of the device. Apart from this, only cooling water 
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Summary 


HIGH VACUUM and low temperature techniques are closely 
related but the latter are not widely used. In particular 
the general methods for calculating the efficiencies of heat 
exchangers used with small liquefiers seem to be the usual 
stumbling block. These have been summarised. The 
advantages of a low resistance path for the gas are discussed 
and the construction of a simple variation of the Hampson 
exchanger is given. By using small Linde hydrogen and 
helium liquefiers experiments in the corresponding tempera- 
ture ranges can be carried out on a limited scale without 
great expense or highly skilled workshop effort. 


Radar Research Establishment, 
Ministry of Supply, 
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Sommaire 


LES TECHNIQUES du vide élevé et des basses températures 
sont étroitement associées, mais ces derniéres ne sont pas 
tres courantes. En particulier, les méthodes générales de 
calcul de l’éfficacité des échangeurs de chaleur, employés 
dans les petits appareils a liquéfier, semblent étre ’habituel 
obstacle. Celles-ci ont été résumées. Les avantages d’un 
passage a faible impédance pour le gaz sont discutés et 
la construction d’un simple appareil peu différent de 
Véchangeur d’Hampson est donnée. En employant les 
petits appareils de Linde a liquéfier d’hydrogéne et helium, 
des expériences dans le domaine de température corre- 
spondante peuvent étre faites sur un échelle limitée, sans 
grandes dépenses ou le besoin de personnel qualifié. 


INTRODUCTION 


THE USE OF HIGH VACUA in physical experiments has 
become widespread; the techniques involved are 
well known and in use in many laboratories. On the 
other hand, frequently, the methods for generating 
low temperatures are still regarded as highly special- 
ised. There is great interest in many laboratories, 
particularly in the field of solid-state physics, in the 
extension of their experimental facilities to low 
temperatures. In principle, the difficulties of so 
doing are not much worse than those of generating 
high vacua and, as the low-temperature physicist 
relies on high vacua to achieve thermal insulation 
in his cryostats, high vacuum techniques form a 
large part of his specialised know-how. Incidentally, 
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as a by-product, low-temperature techniques can be 
used to create by far the highest vacua by the adsorp- 
tion of residual gases on the coldest parts of the 
apparatus. 

With the advent of the Collins helium liquefier 
as a commercial product in the United States, the 
use of low-temperature techniques has spread con- 
siderably, but owing to its complex nature (two-stage 
expansion engine) the Collins machine is costly. 
The installation of facilities for low-temperature 
work is frequently said to be formidable either in 
terms of money or highly skilled labour. In fact 
this is not so, liquid hydrogen or helium facilities 
can be made available for operations on a limited 
scale at comparatively little cost in the form, of 
small Linde liquefiers. These have no working 
parts at low temperatures except the expansion 
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valve ; consequently they are simple and extremely 
reliable. The fact that they are thermodynamically 
less efficient than expansion engines is immaterial 
for small laboratory installations. The construction 
of this type of liquefier is discussed here with 
particular emphasis on the methods of calculating 
the efficiencies of the heat exchangers involved. 
This feature is usually the ‘ stumbling-block’ for 
most physicists but, combined with well-known 
methods for calculating thermal influxes and the 
physics of the Joule-Thompson process, it forms the 
theoretical background for the design of these simple 
liquefiers. This has to be combined in practice 
with a good knowledge of high vacuum techniques, 
particularly where the more complex apparatus 
involving demountable vacuum chambers is con- 
cerned. 

The general layout of the equipment involved 
for a small helium liquefier has already been dis- 
cussed by Chester and Jones! in connection with 
their cascade liquefier. This plant can be regarded 
as a development of earlier liquefiers such as those 
used by Mendelssohn and Daunt? and further 
development is possible. The equipment for a small 
hydrogen liquefier is even simpler as will be shown. 
It should be noted that small liquefiers, in which 
there is space for the experiment involved, are 
implied throughout. Most of the heat exchanger 
equations are to be found in Macadams® and in a 
thesis by Mandi‘. 


THE LINDE LIQUEFIER AND 
THE HEAT EXCHANGE EQUATIONS 


A Linde liquefier is based on the Joule-Thompson 
effect, 7.e. the isenthalpic expansion of a gas through 
a valve or porous plug. The thermodynamics of 
this process are discussed in standard text books, e.g. 
Roberts and Miller’. It is well known that to 
generate a cooling effect the gas under consideration 
must be cooled to its inversion temperature before 
entering the last heat exchanger. This means that 
hydrogen must be pre-cooled, with liquid air or 
nitrogen, and helium with liquid hydrogen. A 
simple hydrogen liquefier will be considered first. 
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It can be presented schematically as in Fig. 1. 

The fraction of gas ¢ which is liquefied at the Joule- 
Thompson valve is increased, the lower the tempera- 
ture of the pre-cooling bath D. It can be shown that 


I, 
= 
HP. 
EXHAUST H, 
EXHAUST. N, 
f a | 
se 
| 
7 
A 3 | 
PRECOOLING BATH —t—=3 — 
LIQ. | 
JOULE THOMPSON H, | 
VALVE 


Fig. 1. Schematic layout of hydrogen liquefier. 


where J, and /, are the enthalpies per unit mass of 
the high pressure gas and exhaust low pressure gas 
respectively at the top of the last heat exchanger, 
and J, is the enthalpy per unit mass of the liquid. 

A comprehensive tabulation of the thermodynamic 
functions for hydrogen has been published by 
Woolley, Scott and Brickwedde®. Using their data, 
values of € for different pre-cooling bath tempera- 
tures are given below assuming that the last heat 
exchanger is 100°, efficient. 


90 | 80 


€ 


0.14 | 0.17 | 0.1% 


* Boiling point of nitrogen. { Triple point of nitrogen. 
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Fig. 2. Coiled-coii exchanger. 


€ is not very sensitive to pressure in this temperature 
range and a constant pressure of 140 atmospheres 
is assumed. 

A knowledge of ¢ and the required liquefaction 
rate gives the circulation rate which the exchangers 
must handle. Thus, for hydrogen using a pre- 
cooling bath at 63.2°K (triple point of nitrogen) a 
circulation rate of 0.75 litres/sec (N.T.P.) can give 
a maximum of | litre of liquid per hour. It then 
remains to choose the geometry of the exchangers, 
and calculate the corresponding pressure drops 
across them and their efficiencies. 

Jacobs and Collins’ have made a useful! comparison 
between several different types of heat exchangers 
used in liquefiers and have advocated the use of 
finned tubes. Nevertheless, if simplicity and ease 
of construction are the chief considerations, the 
choice usually reduces to one or more high pressure 
tubes within an outer tube, up which the low pressure 
gas passes. Occasionally, heat exchangers with two 
or more tubes soldered side by side are used. The 
pressure drop, 4p, across such exchangers may be 
calculated with good enough accuracy to see if it 
is intolerable by using the formula shown on page 108 
of Macadam’s book? :— 


Ap 


(1) 
Where 
AL is the length of the tube in question, 
D,, the hydrodynamic diameter; where non- 
circular tubes are used D,=44/S, 
S is the total perimeter of a section of the tube 
of area A, 
G is the mass flow, z.e. the mass crossing each 
unit area of the section per second, 
is the density, 
is a function depending on the roughness of 
the tube which can reasonably be repre- 
sented by 0.32 (Re) (Re is the Reynolds 
number==GD/7 and 7 is the coefficient of 
viscosity). 


Mandl* has shown in his thesis that where 
there is a large temperature difference between the 
two ends of the exchanger, it is good enough for 
most purposes to use the value of p at the mean 
temperature involved, and, similarly where the 
pressure drop 4p is not too large it is also possible 
to use a mean value of p. Otherwise, in extreme 
conditions, Equ. (1) must be integrated. 

In the majority of small-scale helium and hydrogen 
liquefiers using concentric heat exchangers, the circu- 
lation rate is limited by the pressure drop across the 
low-pressure side. Most of this drop occurs across 
the heat exchangers working between nitrogen and 
room temperatures. It is easy to show that the 
starting-up time of a liquefier depends primarily on 
the ratio between the heat capacity of the liquefier 
parts which must be cooled and the heat capacity of 
the gas circulated per second. This ratio can be 
very greatly reduced by using heat exchangers of 
the Collins or Hampson type which offer very low 
resistances to the returning exhaust gas and in which 
the limitation to the circulation rate is usually the 
pressure drop on the high pressure side. 

Such exchangers are difficult to build. However, 
there are certain variations of the Hampson exchanger 
which are very easy to build. One such design may 
be called the coiled-coil construction described by 
Parkinson’ previously. This consists of several high 
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pressure tubes each of which is wound into a helix 
of small diameter. These helices are then wound in 
parallel round a drum as shown in Fig. 2, and covered 
by a second well-fitting drum. The exhaust gas 
passes up the annular space between the drums. 
The pressure drop on the exhaust side of such a 
heat exchanger is very low and is largely due to the 
presence of gas distribution baffles at either end to 
ensure that the exhaust gas is evenly distributed 
around the heat exchanger. 

Having selected the geometry, the heat exchanger 
equations may be written down in a conventional 
way following Macadam* and the more detailed 
work of Mandl*. Using the notation of Fig. 3 and 
considering an idealised section 5x of the exchanger, 
it can be shown that 


a, a —B=yTyz (2) 
where 

a =m, (1/HoSo + 1/HiSi + a/ks] (2a) 

B = [m, c, To/my Co — to] (2b) 
and y=1-—m,c,/m. (2c) 


Provided circular tubes are used, k& is the thermal 
conductivity of the walls of the exchanger, s is a 
mean perimeter=7za/(log Do/D;) where Do and D; 
are the outer and inner diameters and a—D,—Dj. 
H, and H; are the thermal transfer coefficients 
between the heat exchanger wall and the low and 
high pressure gas streams respectively; S, and S; 
are the corresponding ‘ wetted perimeters’ across 
which heat exchange takes place. Equ. (2) may be 
integrated for the full length of the exchanger 


giving 


This equation with the obvious relation m,c, (T;— T>) 
=my,QC,(t;—to) is sufficient to calculate the length of 
the exchanger for any particular temperature differ- 
ence required at its top knowing both the circulation 
rate and liquefaction coefficient expected. 
Calculation of a requires values of H, and Hj. 
For circular high pressure tubes H; may be calculated 
using the formula of Macadams*, namely :— 
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0.023 c,. G8 
(Pr)°-6 


Hi; 


(4) 


where c, is the specific heat of the gas, 7 the 
coefficient of viscosity and Pr is Prandtl’s number 
=c7/K, (K is the thermal conductivity of the gas). 
For the return flow, H, can also be calculated 
using Equ. (4) where the exhaust gas passes up 
between the bundle of high pressure tubes and the 
single outer tube. For the coiled-coil construction, 
H, may be deduced by regarding the high pressure 
coils as a fair approximation to a set of pins arranged 
at right angles to the low pressure gas flow. Norris 
and Spofford® have published data for arrays of 
such pins in which the dimensionless coefficient 
(H,/cG) (cn/k)' is plotted against a Reynolds 
number Gqy/7, where is the perimeter of the 
pin in question in a plane in line with the gas flow. 
These data may be used to calculate H, using the 
simple perimeter of the tube for gy. It is sufficiently 
accurate in most circumstances to calculate a, B 
and y at the mean temperature and pressure in the 
section of the heat exchanger under consideration. 
For the exchanger referred to above using parallel 
circular tubes, S, and S; can be calculated directly 
by simple geometry: For the coiled-coil construc- 


Fig. 3. Schematic heat exchanger. 
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Fig. 4. Modified coiled-coil construction. 


tion, S, may be taken as the total external surface 
area of the high pressure tubes divided by the 
length of the exchanger. Where there are a number 
of channels in parallel carrying the same quantities 
of gas, the same equations apply, provided due 
allowance is made in S, and S;, and H, and H; 
are calculated appropriately. 

For the majority of simple exchangers, high 
efficiency in a short length implies a small value 
of a. The most important term in the bracket of 


Fig. 5. A simple liquid-gas separator. 


LIQ N, INTRODUCED 
THROUGH GLASS SYPHON. 


SPIRAL SEPARATOR. 


NARROW SLIT. 


Equ. (2a) is 1/H,S, which is frequently about ten 
times greater than 1/H;S;. The contribution a/ks 
to the thermal resistance between the gas streams 
is usually smaller still and may be negligible. The 
only way of decreasing 1/H,S, is to increase Sp. 
To increase H, would require higher resistance to 
gas flow on the low pressure side. This is the 
reason for the choice of finned tubes for the heat 
exchangers used in the Collins helium liquefier.!°. 

Although attention is drawn above to the coiled- 
coil construction to give an easily built exchanger of 
high gas handling capacity, it is not advocated as 
one of exceedingly high efficiency. 

In the last heat exchanger C of Fig. 1, the ratio 
m,/m, is about 1.3 in the liquefying state and owing 
to the increase in specific heat with pressure, c,/cs 
is also greater than 1. The latter ratio can be 
calculated directly from the entropy temperature 
curves for the gas in question for C,—T (dS/dT)». 
Exchanger C thus runs in a very unbalanced condi- 
tion (m,c,/msc,~1.5) and under these circumstances 
it is comparatively easy to achieve efficiencies greater 
than 95°... Efficiency here is defined as the ratio 
of the temperature interval through which the 
exhaust gas rises to the maximum temperature 
interval through which it could rise, z.e. when 
exhaust gas and ingoing gas temperatures are equal. 

If an exchanger B between the exhaust nitrogen 
and high pressure hydrogen is to be incorporated 
in the liquefier then both exchangers A and B will 
run in conditions which are nearly balanced, 2.e. 
M,C;==MgCy. In the balanced condition the heat 
exchanger equations need modification, for then y 
becomes zero. Mandl‘ has shown that 


— to) = — to) (5) 


replaces Equ. (3) and the same approximation, a and 
B evaluated at the mean temperature down the heat 
exchanger, is reasonably good. 

Under these circumstances the temperature differ- 
ence between the two gas streams in the exchanger 
is not very great and tends to be constant throughout 
its whole length. With the coiled-coil construction 
it is then worthwhile arranging the coils in the 
fashion shown in Fig. 4. This can be effected by 
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B. HEAT EXCHANGER 
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Fig. 6. Semi-schematic diagram of a Linde hydrogen liquefier. 
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winding the coils and pushing them on to their 
sides before winding the flattened coils edgewise 
onto the inner drum, then the high pressure gas 
goes evenly down the temperature gradient in the 
heat exchanger. In the simpler construction this is 
obviously not the case but it does not appreciably 
impair the efficiency when the temperature between 
the two gas streams is comparatively large as in the 
unbalanced condition. 


A SMALL LINDE HYDROGEN LIQUEFIER 


The general principles for calculating the per- 
formance of heat exchangers have been given above 
in their simplest form. Translation into actual 
equipment depends very much on the individual 
requirements. Where occasional small-scale experi- 
ments are required at liquid hydrogen temperatures 
the simplest possible layout is to omit exchanger B 
and use unpumped liquid nitrogen in the pre-cooling 
bath D. Such an arrangement requires the minimum 
of external equipment—a standard cylinder of 
commercial hydrogen (120 at.), a dryer and a 
charcoal cleaner immersed in liquid air. Under 
normal circumstances it will continue liquefying 
until the pressure in the cylinder falls to about 
700 lb./inch? or less, depending on the heat influx 
to the liquefying chamber. Such simplification 
means a low liquefaction coefficient, e—0.18 falling to 
~0.09 (~45 at.) and rather heavy nitrogen con- 
sumption. 

A considerable improvement can be made by in- 
cluding B and pumping D to the triple point of nitro- 
gen, 63.2°K. This requires a suitable capacity vacuum 
pump. When the nitrogen bath is pumped through an 
exchanger, as is desirable, the coiled-coil construction 
is recommended. Nitrogen should not be pumped 
below the triple point since the heat transfer between 
the pre-cooling coil and the solid nitrogen, which 
inevitably sublimes away from the coil, is very poor. 
Liquid oxygen or air can be used for the pre-cooling 
bath to reach 60°K or even less, but under such 
circumstances the operator must be very confident 
that no hydrogen leaks into the bath D to be pumped 
away with the oxygen or air, as there is the risk of 


ignition. Liquid nitrogen is to be preferred in D. 
The liquid nitrogen is introduced into D through 
a suitable filler valve and under the reduced pressure 
1/9 of the liquid must evaporate to cool the remainder 
to the triple point. At this pressure, z.e. 9.4 cm. Hg, 
the valve is introducing a spray of 160 parts of gas 
to 1 part of liquid by volume. It is worthwhile 
fitting a simple gas-liquid separator, see Fig. 5, 
to the end of the filter tube to prevent droplets 
being swept up the exchanger B. 

In Fig. 6 a somewhat schematic layout of this 
more complex liquefier based on coiled-coil ex- 
changers is shown with some leading dimensions. 
Such a liquefier operating from cylinders (120 at.) 
can be expected to continue liquefying down to a 


pressure of about 400 lb./inch? depending on the 


heat leak to the lower part of the Dewar. Its starting- 
up time depends on what is to be cooled in the 
Dewar but should not be more than 20 minutes, 
including nitrogen filling. It will be realised that 
detailed performance figures depend very much on 
the experiment which is built into the liquefier. 
The liquefaction coefficient ranges from ~0.29 to 
0.09 (~ 25 at.). 

Only the simplest insulation is shown in Fig. 6, 
namely the usually silvered Dewar vessel. Such 
Dewars are normally made with the inner wall 
supported from the neck only, to cut down thermal 
influx. As it stands the apparatus is suitable for the 
simplest experiments such as the measurement of 
electrical conductivity where the specimens are to 
be immersed in the cooling liquid. Where magnetic 
fields are necessary, the Dewar can be made with a 
suitably shaped ‘ tail’ to fit between the pole pieces 
of an electromagnet. Where the experiment involves 
thermally isolated specimens, an inner vacuum case, 
itself in contact with liquid hydrogen, is necessary. 
The pumping tube equipped with radiation shields 
can be inserted through the wide tube shown on the 
right of Fig. 6. Theseand other variations are obvious. 


EXTENSION TO SMALL HELIUM 
LIQUEFIERS 


The extension of the temperature range down to 
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that of liquid helium follows logically. Using a 
cascade liquefier Chester and Jones! have already 
shown how this may be done. In their apparatus 
hydrogen is expanded directly to about 20 cm. of 
Hg (~ 16.5°K) in a small vessel which is the last 
pre-cooling bath for the helium circuit. In order 
to cut down the auxiliary equipment required it is 
tempting to consider expanding the hydrogen to 
20°K only (1 at.). This is inadvisable however, 
as the maximum liquefaction coefficient for helium 
will then fall to only about 0.08. Simplification 
can be achieved by using nitrogen at one atmos- 
phere (77°K) in the main Dewar as the first pre- 
cooling bath and cutting out the additional bath 
at 62.5°K. This of course increases the hydrogen 
consumption by a factor of about 2 and it is a matter 
of balancing such an additional running cost against 
the capital outlay. 

Where the apparatus is required for frequent 
use this simplification is hardly worthwhile and if a 
modification is to be made it should consist in 
introducing coiled-coil or similar exchangers of low 
resistance to low pressure gas flow. This would 
enable the hydrogen to be expanded to 14°K, so 
enhancing the helium liquefaction coefficient from 
about 0.14 to just over 0.2. Also, provided pumps 
of sufficient capacity are available, it should be 
possible to increase the gas circulation rates con- 
siderably and hence the rate of liquefaction. In 
this way either the starting-up time can be reduced 
or more massive experimental equipment can be 
cooled comparatively easily. 

For the calculations involving helium, the thermo- 
dynamic functions are given by Keesom™ and more 
recently and comprehensively by Akin’ and 
Kesom, Bijl and Monte!®. 

Modification of the apparatus to suit different 
experiments can follow as already indicated for the 
small hydrogen liquefier. Throughout there are 
always two practical rules to be observed: Those 
parts of the apparatus which have temperature 
gradients, so providing heat leaks to the cold parts 
of the apparatus, must be made of low thermal 
conductors. For this purpose cupro-nickel (70/30) 
is well proved and can be easily soldered and mani- 
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pulated. Where joints between two parts of different 
metals have to be made with soft solder it is important 
to have the material of higher expansion coefficient 
external to the other. Otherwise the practical 
constructional rules are identical with those for high 


vacuum purposes. 


DISCUSSION AND CONCLUSIONS 


The general method of calculating to a reasonable 
approximation the performance of a Linde liquefier 
and in particular that of its heat exchangers has been 
given above. These methods have been used to 
calculate the performance of liquefiers using air, 
nitrogen, hydrogen and helium. They should be 
treated as approximations only but are quite good 
enough for laboratory purposes. The coiled-coil 
construction has been used also and proved in a 
large hydrogen liquefier. 

As simplicity of construction is a prime requisite 
in the present considerations the Collins type of 
heat exchanger has not been dealt with. However, 
where the necessary workshop facilities can be made 
available such exchangers offer the possibility of 
high efficiency and small bulk. An approximate 
method for calculating their performance has been 
outlined by Parkinson’, using the data of Norris 
and Spofford® referred to above. It should also 
be noted that very efficient heat exchangers can 
be made by using ‘ Still tubes“, wound in the 
same manner as the finned tubes of the Collins 
exchanger and without cotton packing. Calculation 
of their efficiency is slightly more complex. Unfortu- 
nately it does not seem possible to obtain such 
tubing of a small enough size from commercial 
sources. 

The publications quoted before and _ those 
added!*-*° at the end of the reference list constitute 
most of the descriptions available of small Linde 
liquefiers particularly for helium, and adequate con- 
structional details are given in these publications 
to assist in implementing theoretical considerations. 

It is obvious that experiments can be conducted 
with little expense and workshop effort in the low 
temperature range, particularly down to 20°K, in 
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any laboratory where liquid air or nitrogen is avail- 
able. An extension to the helium range requires 
more effort and expense but, for limited use, it is 
quite unnecessary to make heavy investment in 
equipment. The references given above will also 
show how, using the general principles outlined 
here, more complex liquefier systems can be 
developed. Study of the literature shows that many 
experimental investigations, particularly in solid- 
state physics, are carried down to liquid-air tempera- 
tures only. In many cases their value would be 
greatly enhanced by a simple extension down to 
20°K. This constitutes an additional effort which 


is only a fraction of that required for the experiment. 
It is hoped that the information given in this 
paper, together with existing widespread knowledge 
of high vacuum techniques, will encourage the 
provision of such extension and finally promote the 
production of liquid helium as well. Any laboratory 
which has pretensions of dealing with solid-state 
physics should and can have these facilities easily. 


Acknowledgement is made to the Controller, 
H.M. Stationery Office, for permission to publish 
this paper. Crown Copyright reserved. 
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Summary 


ZIRCONIUM SPONGE, the end product of the Kroll process for 
the production of zirconium metal, requires further treat- 
ment to remove impurities and to consolidate the metal 
before it can be fabricated in the form of sheet, bar, etc. 
The arc melting method is the most suitable process for 
this treatment as it obviates the use of crucibles. A detailed 
description is given of an arc melting method recently 
developed for the purpose by the U.S. Bureau of Mines 
which covers the production of zirconium and zirconium 
alloy ingots. Processing in a rare gas atmosphere will not 
eliminate all impurities. For instance, in order to remove 
hydrogen, it is necessary to re-melt the ingots in a vacuum 
arc. Reference is made to practices in titanium production. 


ARC MELTING KROLL ZIRCONIUM SPONGE 


Vacuum, Vol. IV No.2 
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Sommaire 
LE ZIRCONIUM SPONGIEUX, le produit obtenu par le procédé 
Kroll pour la production du métal de zirconium, demande 
des traitements supplémentaires pour enlever les impuretés 
et consolider le métal avant qu’il puisse étre fabriqué sous 
forme de tdéles, barres, etc. La méthode de fonte par l’arc 
est le procédé le plus approprié pour ce traitement, du fait 
quelle évite l’emploi de creusets. Une description 
détaillée est donnée sur une méthode de fonte par l’arc 
récemment développée pour ce travail par le U.S. Bureau of 
Mines, méthode qui couvre la production de lingots de 
zirconium et d’alliages de zirconium. Les opérations faites 
sous atmosphére de gaz rare n’éliminent pas toutes les 
impuretés. Par exemple, afin d’enlever ’hydrogéne, il est 
nécessaire de refondre les lingots par l’arc sous vide. 
Mention est faite de méthodes s’appliquant a la production 
du titane. 


INTRODUCTION 


THE KROLL PROCESS for the production of zirconium 
metal is based on the reduction of zirconium tetra- 
chloride with magnesium in the presence of a rare 
gas. The product of this reaction is a mixture of 
small particles of zirconium metal intermingled with 
magnesium chloride and a small quantity of mag- 
nesium, which is added in excess to ensure the 
completion of the reaction with the zirconium 
tetrachloride. 

The removal of the magnesium chloride and the 
metallic magnesium is usually achieved by heating the 
reduction product at about 950°C. in vacuum under 
such conditions that the magnesium chloride drains 
from the mass and the magnesium is distilled out. 
By this treatment the zirconium particles are sintered 
together and the product is a metallic mass which is 
cut into pieces and crushed before further treatment. 


* MS. received April, 1955. 


The zirconium at this stage is a fairly well sintered 
material and denser than would be expected from the 
commonly used descriptive term of ‘sponge’. A 
photomicrograph of a sample of such zirconium 
sponge is shown in Fig. 1. Such sponge metal may 
be packed in steel cans and sealed, and then hot 
swaged or worked to an acceptable density, but the 
product would contain a small amount of magnesium 
chloride which would render it useless for all practical 
purposes. It would also contain other impurities 
such as hydrogen, and also a small amount of 
magnesium. It is necessary therefore to remove as 
much of these impurities as possible and to consoli- 
date the zirconium before it is worked to useful metal 
in the form of sheet, tube and bar. 


THE ARC MELTING METHOD 


Processing Requirements 
Both of these requirements, that is, the removal of 
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Fig. 1. Photomicrograph of zirconium sponge, 
< 800. 


Fig. 2. Melting tantalum in a direct arc under 
vacuum. Current approx. 500 A. Pressure 
approx. 0.I mm. Hg. 

Legend : A—Tantalum support. B—Glass 
vessel. C—Rubber stopper. D—Button. E— 
Steel. F—Connection to oil pump. G—Asbestos 
fabric dust filter. 


impurities and consolidation, can be fulfilled by 
melting. Before proceeding to discuss the melting of 
zirconium it is necessary to consider the properties of 
the metal. First, zirconium melts at the relatively 
high temperature of 1,860°C but the metal is so re- 
active towards the common gases that if the melting 
operation were performed in air, then, long before the 
temperature of 1,860°C was attained, the metal would 
be transformed to a mixture of oxide and nitride. 
Therefore it is essential to avoid the presence of the 
common gases during melting. Secondly, molten 
zirconium reacts with all the common crucible 
materials such as alumina, calcium oxide, magnesia, 
etc., and while it is possible to use graphite for the 
crucible material with surprisingly little contamina- 
tion, such contamination is sufficient greatly to reduce 
the resistance of the metal to corrosion by certain 
chemicals, notably hydrochloric acid. Reduction of 
the corrosion resistance of zirconium cannot be 
tolerated because this metal is, first and foremost, a 
corrosion resistant material and its future is dependent 
on this property. In order to overcome the effects of 
gaseous contamination rare gases and eventually 
vacuum were employed and the crucible difficulty 
was overcome by the adoption and development of 
the relatively old technique of arc melting. 


Early Techniques 


This method of melting had been employed by Von 
Bolton as early as 1905 for the melting of tantalum, 
and the apparatus employed is illustrated by Fig. 2. 
In this arrangement a voltage is applied to a tantalum 
electrode and a spark, or arc, struck on to a compact 
of tantalum powder placed on top of a cooled copper 
plate. By passing enough current it was possible to 
melt over half-way through the compact and when the 
process was repeated on the reverse side a button of 
solid metal was obtained. The melting operation was 
performed in vacuum at a pressure of 10°! mm. Hg}. 
A modified form of this apparatus was used by 
Kroll to melt zirconium but the results were not very 
satisfactory and considerable developments were 
required before the method could be applied to yield 
sound ingots”. 

In the first attempts to melt zirconium by arc . 
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melting, tungsten tips were used in order to with- 
stand the high temperature generated at the tip of the 
electrode but, although these were useful for small 
scale operations, when operated for periods of more 
than a few minutes they became overheated and 
tended to disintegrate with the result that the 
zirconium was contaminated. Graphite electrodes 
were also tried but despite attempts to reduce carbon 
contamination of the metal by treatment of the surface 
of the electrode tip with zirconium, the results were 
still not satisfactory**. 

The next step was to use zirconium itself as the 
electrode material and while it was impossible to cool 
the electrode sufficiently to prevent it melting, it was 
possible to use rods formed from zirconium sponge as 
consumable electrodes, a principle that is not entirely 
novel. Such consumable electrodes used in con- 
junction with a feed of small pieces of zirconium 
produced sound ingots. 


BY ARC 


INITIAL INGOT PRODUCTION 
MELTING IN A RARE GAS 


Ingots of Pure Zirconium 


Although it was now possible to produce ingots of 
zirconium, the technique was unsatisfactory and only 
small ingots could be produced. It was necessary to 
develop the method to permit continuous operation 
by melting several electrodes to form one homo- 
geneous ingot. This problem was solved by 
investigators at the U.S. Bureau of Mines, Albany, 
Oregon, where so much of the development work on 
zirconium has been carried out’. The apparatus used 
for this work is shown in Fig. 3. The consumable 
zirconium electrodes were prepared from sponge 
which had been crushed to pieces of about half-inch 
diameter or less and then pressed in a steel die to 
form compacts. Several such electrodes were placed 
in the upper chamber, shown in Fig. 3, which was 
designed to permit a gloved operator to join the 
pressed zirconium bars by welding without interrupt- 
ing the melting operation. This furnace was 
operated in a purified mixture of 80°, helium and 
20°, argon, which permitted operating at a higher 
voltage than is possible with pure argon and a steadier 
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Fig. 3. General design of furnace for 
melting pressed spong2 electrodes. 

Legend : 1—Electrode supply. 2—Vacuum- 
tight tank. 3—Aligning guides. 4—Viewing 
port. 5—Rubber glove for bar joining. 6— 
Welding power leads. 7—Drive box. 8—Mech- 
anical drive rolls. 9—Crank for electrode drying. 
10—Main power to electrode. 11—Power appli- 
cation rolls. 12—Electrical insulation ring. 
13—Water jacket. 14—Zirconium ingot in melt- 
ing cup. 15—Water inlet. 16—Water outlet. 
17—Main power to melting cup. 18—Eyepiece. 
91—Cart for removing melting cup assembly. 


arc than pure helium. By use of this apparatus, 
200 Ib. ingots of high quality were produced with a 
power consumption of less than 0.5 kWhr./Ib. The 


electrodes used in this work were pressed from 
crushed sponge at 50 tons per sq. inch, had a density 
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of 87°, of theoretical, and an electrical resistivity of 
1.610? microhm per centimetre cube. The bars 
measured 2 x 2 x 20 inch. and carried up to 5,000 A 
at 40 V when producing 10 inch. diameter ingots. 

Power for melting the zirconium electrodes was 
provided by banks of standard dual 400-ampere 
selenium welding rectifiers which proved to be very 
flexible in operation. They provided 60°, of the 
rated output continuously, and arc current stability 
was excellent. This arrangement had various advan- 
tages over normal motor generator sets. However, it 
is possible to design generators with special character- 
istics suitable for this work. 


Ingots of Zirconium Alloys 


Having produced zirconium ingots the next step 
was to produce alloys. The furnace which has been 
described was used with a variation in the technique. 
At first an attempt was made to melt an electrode 
which had incorporated in it small pieces of the 
alloying element, but as the added element was tin all 
attempts proved unsuccessful, because the heat 
conducted up the electrode was sufficient to cause the 
formation of a low-melting point alloy, which exuded 


Fig. 4. Vibrating feeder 
and metering device for alloy 
additions. 


from the electrode at a 
point several inches above 
the tip®. This trouble, 
combined with others, led 
to the method of direct 
addition in the electrode 
being discarded. Several 
other methods were tried, 
the most successful of 
these involved the use of 
small tablets, about the 
size of an aspirin, which 
contained the alloying in- 
gredients. These tablets 
were loaded in batch lots 
on to a circular vibrating 
feeder which fed individual 
tablets to a metering gear 
as shown in Fig. 4. Although this method of alloy 
production was the most successful of those tried, 
it did not yield entirely homogeneous ingots. 

Further investigation showed that a considerable 
improvement in homogeneity was obtained by a 
novel method which depended on the passage of 
direct current through copper wire wound round the 
entire water-jacket in a treble layer. The current 
produced a magnetic field within the molten metal 
and thus caused it to rotate and give better mixing. 
The technique was so effective that only a small 
current was required to produce the desired mixing; 
a 0.2 A input to a 3-layer coil of 20 gauge (B & S) 
enamelled copper wire gave excellent stirring, 
whereas 1.4 A input to the coil created a centrifugal 
action which caused segregation of the alloy addition. 
In addition to the stirring action the use of the coil 
gave a further benefit as it tended to control the arc 
and reduced its tendency to wander. 

A final modification to the melting procedure was 
adopted which resulted in the production of con- 
sistently homogeneous ingots. This modification was 
the introduction of a double melting technique using 
the ingots produced from the first melt to form the 
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Fig. 5. Double-melted alloy 
ingot showing also the elec- 
trode from which it was 
melted. 


electrode for the second 
melt. A double-melted 
alloy ingot is shown in 
Fig. 5 together with the 
electrode from which it 
was melted. In the work 
done at the U.S. Bureau of 
Mines, Albany, Oregon, 
the pressed electrodes of 
2-inch square section were 
melted to produce 6-inch 
ingots which were joined 
and re-melted to an 8-inch 
ingot®. The furnace used 
for the second melting 
differed considerably from 
that used in the first melt- 
ing although the basic prin- 
ciples were the same. The arrangement of the furnace 
is shown in Fig. 6. The consumable electrade (1) is 
made by joining together several 6-inch ingots. 
The electrode is supported on a water-cooled pipe 
which passes through the furnace casing and is sealed 
by a greased ‘O’ ring (4). The whole furnace is 
made vacuum-tight, thus permitting vacuum melting, 
which is impossible in the furnace used in the first 
melting operation, the use of the rubber gloves 
prohibiting working under such conditions. The 
furnace was designed for vacuum operation, because 
it was found desirable to operate at reduced pressure 
to avoid the formation of gas holes in the top of the 
ingot due to the presence of hydrogen in the sponge. 
Reduction of operating pressure to about 4 cm. Hg 
was found to be sufficient to prevent the formation of 
gas holes and this condition was obtained by the use 
of a single-stage mechanical vacuum pump, with a 
rated capacity of 110 cubic foot per minute. Such a 
pump was not capable of attaining very low pressures 
and there was no danger of the pressure being low 
enough to promote glow discharge effects. 

The recovery of metal as clean sound ingots from 
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single-melting and double-melting was shown to be 
85 and 95 °,, respectively so that it is good economics 
to re-melt. The improvement in recovery is due to 
the general improvement in the ingot, e.g. the ingots 
from second melting can be forged without ‘cropping’ 
and very little surface machining is required. 

Power input for various sizes of ingots was studied 
and it was found that satisfactory ingots were produced 
by the following inputs : 


Ingot Power Employed Ingot Power Employed 
V A V A 


Diam. Inch. Diam. Inch. 
2 25 800 8 40 4,500 
4 30 1,800 10 40 5,500 
6 40 3,500 14 40 6,000 


Greater energy was used to obtain more rapid melt- 
ing and in the production of 5-inch ingots as much as 
160 kW (40 V-4,000 A) was used without difficulty. 

Average power consumption for melting was about 
0.25 kWhr. p. lb. of zirconium which represents an 
electrical efficiency of about 50%. This excellent 
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value is due to the fact that the heat is generated 
within the metal being melted. 

The cooling of the copper crucible was obtained by 
the circulation of water through the water jacket 
surrounding the crucible. No effect on furnace 
efficiency or on surface imperfections was obtained by 
varying the flow so as to obtain discharge temperatures 
ranging from 37 to 100°C. but a rapid flow was 
essential to prevent the formation of steam pockets. 
With a 10-inch. ingot the flow of water required was 
120 gallons per minute. 


HYDROGEN REMOVAL BY RE-MELTING 
IN A VACUUM ARC 


The Effect of Hydrogen Content 


Titanium. The work reported by the Bureau of 
Mines. investigators represents a very considerable 
advance in the technique of melting zirconium but it 
did not solve all the problems. One of these is due to 
the presence of hydrogen in the sponge and beyond 
referring to the presence of gas holes in the ingot 
heads if low pressures are not employed in the re- 
melting, there is no mention of this subject. It has 
been suggested by one investigator’ that the presence 
of as little as 10 p.p.m. of hydrogen in zirconium 
metal may cause noticeable embrittlement and larger 
quantities have a hardening effect. This point has 
been appreciated in the case of titanium and it is 
reported® by the Titanium Metals Corporation of 
America that the perfection of their new vacuum 
melting process permits removal of hydrogen ‘ down 
to as low as 50 p.p.m.’ It is pointed out that con- 
ventional re-melting furnaces use atmospheres of 
argon or argon-helium mixtures under a slight 
positive pressure, a condition which does not 
contribute to the removal of hydrogen and this has 
been shown to have a very detrimental effect on the 
physical properties of titanium. 

The equipment of Titanium Metals Corporation 
has been employed to re-melt 4,000-lb. titanium 
ingots and larger furnaces for 8,000-lb. ingots are 
being considered. It is claimed that in addition to 
improved homogeneity the use of the vacuum 
procedure improves the stability of the arc as well as 


permitting the use of higher power inputs and 
yielding ingots with a smooth surface which require 
little or no preparation prior to conversion to sheets, 
strips, bars, or billet. 

In the case of the titanium sponge produced by the 

Titanium Metals Corporation, it is well known that 
they employ a leaching process to remove the 
magnesium chloride and excess magnesium from 
their metal, which they obtained by the Kroll 
reduction process, whereas most other operators 
remove the chloride and magnesium by heating in a 
vacuum, a process similar to that employed for the 
production of zirconium sponge. The leaching 
process was used some years ago by the early in- 
vestigators on titanium at the U.S. Bureau of Mines, 
Boulder City, but was discarded because this 
procedure tended to oxidise the finer particles of 
metal sponge as well as causing the formation of 
hydrogen which was absorbed by the metal. Pre- 
sumably Titanium Metals Corporation have overcome 
the oxidation problem—probably by the use of an 
inhibitor—but they have not, apparently, been able to 
avoid the absorption of hydrogen, and therefore they 
rely upon melting under reduced pressure, to get rid 
of the gas. There is no doubt that it is good practice 
to use reduced pressure in the re-melting process to 
eliminate hydrogen, but if the most effective results 
are to be obtained, it would appear desirable that the 
hydrogen content of the input metal should be 
maintained at a low value. 
Zircomum. It has already been mentioned that in the 
normal Kroll zirconium process the bulk of the 
magnesium chloride which is produced during the 
reduction process, is removed by heat treatment in a 
vacuum. The efficiency of removal of the chloride 
depends upon the temperature and time of the treat- 
ment. It is possible to reduce the chloride content to 
a very low figure by crushing the vacuum-treated 
sponge and re-treating in vacuum but it is also 
possible to produce satisfactory sponge without this 
re-treatment. 

The presence of the magnesium chloride in the 
zirconium sponge can lead to difficulties in the melting 
because it absorbs moisture in quantities depending 
on the amount of chloride present. Later, when the 
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sponge is arc-melted the absorbed water is de- 
composed, and if appreciable quantities are present, 
miniature explosions may occur as hydrogen is 
evolved. Although this condition can be avoided 
with relative ease it is virtually impossible to remove 
all the magnesium chloride, and it is therefore 
desirable to maintain the sponge under a dry atmos- 
phere to avoid the formation of unduly large quantities, 
not only of hydrogen, but zirconium oxide. If the 
reduced mass is treated in vacuum at a high temper- 
ature, it results in the removal of practically all of the 
magnesium chloride and at the same time it densifies 
the sponge and thus reduces to a minimum the 
danger of moisture absorption. If this procedure is 
adopted and care taken at later stages such as in 
crushing and storage to avoid contact with a moist 
atmosphere, the hydrogen in the sponge can be as 
low as 20 p.p.m. Although the last statement suggests 
the presence of gaseous hydrogen in the sponge, this is 
improbable as the long vacuum treatment of the metal 
should have eliminated substantially all of this gas and 
the value given is only a measure of the moisture con- 
tained in the sponge. If zirconium sponge is melted 
in the graphite crucible as originally employed in 
making zirconium ingots then hydrogen elimination 
is fairly simple because the sponge is heated gradually 
to the melting point, and provided adequate pumping 
is available, most of the hydrogen is removed even 
before the metal is molten. With arc-melting there 
is much less time available to pump the gas out of the 
metal as only a small portion of it is molten at one 
time. In addition, the electrode may occupy a large 
proportion of the cross section, thus reducing the 
space available for the escape of the gases and 
resulting in a reduction of the pumping efficiency. 
The preparation of electrodes from sponge is a 
further disadvantage particularly as the crushing 
results in increased surface area which may lead to an 
increased oxygen content of the metal. 

It is essential to employ a high-capacity pumping 
system to ensure the production of zirconium ingots 
with a low hydrogen content, but care must be taken 
in determining the most suitable pressure. In 
choosing the optimum pressure one is guided by the 
fact that the metal is molten for a relatively short 
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Fig. 6. General design of furnace for 
re-melting ingot. 


time only and therefore the gas must be removed 
rapidly. To remove the gas rapidly, high pumping 
capacity and low operating pressure are required, but 
the lower the operating pressure, the smaller the true 
volume pumped. Therefore it would appear that the 
best results would -be obtained by performing the 
first melt at a fairly high pressure, say a few centi- 
metres Hg, which would permit the removal of the 
major portion of the hydrogen, and the second melt 
at a much lower pressure, in the micron range, which 
would ensure the removal of substantially all of the 
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remaining gas, although the actual pumping capacity 
would be much lower due to the operating pressure. 


Some Performance Characteristics of the 
Vacuum Arc 


It is essential to avoid the glow discharge condition 
where all the power can be dissipated without any 
melting occurring. In addition, a range of pressure 
exists where stable arc conditions appear to be 
impossible and the surface of the ingot chills and 
results in cold shuts, which penetrate almost to the 
middle of the ingot. At relatively high pressures the 
arc is carried, probably, by the ionised gas but, when 
the pressure is reduced to really low values, the arc is 
carried by the metal vapour. 

It has been suggested in the case of arc-melting 
titanium that operations at low pressures such as 
10° mm. Hg result in the removal of oxygen. Sucha 
claim is interesting but it is doubtful whether it is 
correct, particularly as no theoretical basis for the 
reduction or decomposition has been offered. It is 
very probable that at such low pressures, and at a 
temperature of the arc of say 3,000°C., any titanium 
of zirconium nitride which is present is completely 
decomposed and the nitrogen removed by the pumps. 
In general it appears that beyond the possibility of 
removing all of the nitrogen and the rather remote 
possibility of decomposing the oxide, there is little 
benefit to be gained by operating at very low 
pressures. 

While arc melting in a water-cooled copper crucible 
has made much progress and has been adopted for the 
production of large titanium ingots, some concern has 
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Summary 


A NEW TECHNIQUE is presented for the graphical solution of 
the steady state and transient flow of gases ina vacuum system 
throughout all the pressure ranges normally encountered. 
Methods are established for the analysis of various com- 
ponents as well as complete systems. Evaluation of such 
items as pumping-down time, time response, leakage, and 
gas flow conversion are also discussed. 

This paper is based on a lecture contributed by the 
authors to the Second Symposium held by the Committee 
on Vacuum Techniques in 1955 but also contains additional 
information which has been compiled during studies of the 
subject in subsequent months. Copies of Vacuum En- 
gineering Graphs, marked FN 756A and FN 756B are 
available from the General Electric Company. 
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Sommaire 


PRESENTATION D’UNE TECHNIQUE pour la solution graphique 
des gaz 4 l’état stable et instable dans une systéme 4a vide, 
ceci dans toutes les gammes de pression. Les méthodes 
sont établies pour les analyses de différentes piéces 
d’appareils aussi bien que pour les systemes complets. 
L’évaluation de tels détails comme le temp de pompage, le 
temp de réponse, fuite, et l’écoulement des gaz est aussi 
discutée. 

Cet article est basé sur une conférence faite par les 
auteurs au Deuxieéme Symposium présenté par le Comité 
des Techniques du Vide en 1955, mais contient aussi des 
information supplémentaires receuillies pendant les études 
faites sur ce sujet dans les mois qui ont suivis. Les copies 
des graphiques de ‘ Vacuum Engineering’, marquées FN 
756A et FN 756B sont disponibles a la Général Electric Co. 


INTRODUCTION 


MOST OF THE mathematical equations describing gas 
flow in vacuum systems have been known for years. 
However, the calculations required to determine the 
gas flow in pipes and pumps of different sizes are 
frequently difficult to make. To include outgassing 
and leakage adds to the complexity. Far worse are 
the complex integrations required to determine the 
relation between pressure and time. The tedious 
repetition of these calculations has justified efforts to 
evolve a simple, reasonably accurate and rapid 
method of solution. This solution is not just a new 
nomograph but a new approach which allows for a 
complete solution to these problems. Furthermore, 
the final answers are presented in graphical form so 
that they are readily understood by persons not 
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familiar with vacuum theory. In obtaining this 
solution it has been necessary to develop several new 
techniques as well as to discard some of the accepted 
conventions, such as pipe conductance and electrical 
circuit analogy. 


PRINCIPLE OF THE NOMOGRAPHIC 
SOLUTION 


General 

Since this new approach is a graphical one, it seems 
worth while to review a few of the basic graphical 
manipulations which will be used frequently. 

On the left side of Fig. 1 is a graph of the relation 


Z= XY 


All scales are log scales. Any Z line rising at 45° to 
the left is a constant product of X and Y and hence 
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one solution to the relation. By adding the entire 
family of Z lines we have a complete solution. When- 
ever we have two of the factors, their intersection on 
the graph determines the third factor. Multiplica- 
tion by a constant can be obtained by shifting one of 
the scales. Powers can be introduced by changing 
the relative physical sizes of the scales and complex 
functions can be handled by curved scales. On the 
right side of Fig. 1 is a similar solution for the 


W= Y/X 


relation in which the 45° lines rise to the right. 

In this new approach we will frequently need 
graphically to solve equations containing four 
variables of the form 


AB = CD 


To accomplish this solution, we temporarily let each 
side of the equation equal an unknown factor Z. We 
then have, see Fig. 2: 


AB = CD=Z 


We prepare our graph with four scales as indicated. 
From two of the known factors, say A and B, we 
obtain the constant product line Z. Since this 
constant product line must also satisfy the relation 
CD = Z, we can move along the line until we inter- 
sect the next variable C and hence obtain the solution 
for D as indicated. These are the basic manipulations 
which will be used frequently. Other manipulations 
which are required will be explained as they occur. 


Definition of Basic Quantities 


In order to proceed we must define our units and 
the quantities which are found in vacuum equations. 
We must also choose their axes on our graph. We 
begin with the relation 

O = SP 

Where, (see Fig. 3): 

QO is the throughput or flow in mm.I./sec., 

S is the speed in 1./sec. and 

P is the absolute pressure in mm. Hg. 
Our choice of axes is the same as that used by 
Lawrence in his graphical analysis of vacuum 
pumps.! * 


Superposition 

We now take our first departure from standard 
techniques. We assume that the gas flow through 
any component of a vacuum system can be divided 
into two parts, a forward flow and a backward flow, 
see Fig. 4. Their difference represents the true flow. 
Furthermore, we demand that the mathematical 
relation between the forward flow and the high side 
pressure be identical to the relation between the 
backward flow and the low side pressure. These are 
necessary conditions which must be imposed on all 
vacuum equations which are to fit this solution. In 
setting these conditions we obtain a reduced equation 
which involves only a single pressure. 


The Characteristic Curve of System 
Components 


When we plot on our graph the reduced relation 
between flow and pressure we obtain what we define 
as the flow curve of the component, see Fig. 5. The 
intersection of any pressure with this line determines 
a flow. By choosing both a high side and a low side 
pressure we obtain the two flows indicated: The 
forward flow and the backward flow. By definition, 
the numerical difference between these flows is the 
true flow for the graphed component. 

We next define a specialised case of the flow curve, 
where the backward flow is equal to zero or, where the 
true flow is known as a function of the inlet pressure 
only, at least within certain limits. We define this 
curve as a characteristic curve. In this case the flow 
which is determined by the intersection of the inlet 
pressure and the graphed curve is the true flow 
through the component. 


The Characteristic Curve of Complete Systems 


Our next step is to illustrate the method of combin- 
ing the flow curves of all components of a system into 
a single characteristic curve representing the entire 
system. The two necessary conditions for obtaining 
a system’s characteristic curve are : 

(1) The flow curve for the component operating at 
the lowest pressure in the system is a character- 
istic curve. 

(2) Drawing is always begun with this curve. 
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Basic Graphic Manipulations 


LOG B 


io" 


LOG A 


Fig. 2. Relation of four variables: Z =AB =CD. 


Fig. 1. Constant product: Z=X.Y Constant quotient: W = 
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Fig. 3. (right) 
Scales and allocation 
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PRESSURE LOG P 


Dimension Symbol | Quantity Dimension Symbol |Quantity | Dimension 


Quantity 


Pressure millimetres of mercury t Time seconds a Radius | centimetres 


millimetre litres ‘second T Time time in seconds to l Length | centimetres 
Constant | reduce pressure one 
decade at existing 

S Speed litres /second value of speed V Volume | litres 


Throughput 
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Since vacuum pumps are the components operating 
at lowest pressure, it is of interest to note that the 
pumping curves given by manufacturers are character- 
istic curves. The throughput or speed is always given 
as a function of the inlet pressure only, the down- 
stream pressure of a pump being relatively un- 
important. 

The method of combining curves can be illustrated 
by two components connected in series, see Fig. 6:— 

(a) We plot on our graph the characteristic curve 
of the first component A, and the flow curve for 
the second component B. 

(6) By arbitrarily choosing a value for their inter- 
mediate pressure P, we obtain the two flows 
indicated : The true flow through the system Q 
and the backward flow Q, through component B. 
The sum of these flows must equal Q,, the forward 
flow through B. 

(c) Where this new flow intersects curve B, we 
obtain the inlet pressure and the true P;. The 
intersection of the inlet pressure and the true flow 
yields one point on the curve which defines the 
relation between the system’s inlet pressure and 
the true flow. 

(d) Other points on this curve are obtained by 
repeating this process at different values of 
pressure. The resulting curve is the characteristic 
curve of the combination. 

Additional characteristic curves for points pro- 
gressively further upstream on a more elaborate 
system are constructed by combining the flow curve 
of each component in turn to the preceding down- 
stream characteristic curve. 

In the case of parallel branches in a system the flow 
curve for each separate branch is constructed. These 
are then added together along lines of constant 
pressure as indicated in Fig. 7. The resulting flow 
curve B-++-C is then treated as a single component and 
can be added to a characteristic curve as previously 
illustrated. 

The characteristic curves obtained in the foregoing 
describe completely the pressure distribution in the 
system since the total amount of gas flowing must be 
conserved, see Fig. 8. A line of constant throughput 
intersects each characteristic curve and immediately 


determines the pressure at each point in the system. 
Conversely, if the pressure at any point of the system 
is known, the intersection of that pressure with its 
corresponding characteristic curve determines the 
throughput from which all other pressures in a system 
can be obtained. 


PROCEDURE FOR SYSTEM 
COMPONENTS 


Pipes 

Molecular Flow. In the development so far, vacuum 
components have been discussed only in the most 
general terms. Before we proceed with the applica- 
tion and uses of the characteristic curve, we must 
direct our attention to the nature of the flow curves 
or characteristic curves corresponding to specific 
components. 

Let us first consider a piece of tubing of radius a 
and length 7. At sufficiently low pressure the flow 
of gas through this tube is given by the molecular 
flow equation® *. For air at 25°C and for our chosen 
units we obtain the following equation : 


3 

where a is the radius in centimetres and / is the 

length in centimetres. This equation can be divided 

into two opposing flows which have identical 
pressure relationships. 


97.75a* 
= — ] P, (2) 


(P.-P,) (1) 


97.75a* 
0, = p, 3) 


Thus it meets our required conditions : See Equa- 
tions (2), (3), and (4). 


=Q2,-Q, (4) 
The reduced form of Equ. (1) becomes 
Ol = 97.75 a®P (la) 


We already have a P and Q scale on our graph. 
By adding the / and the a scales we can solve this 
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equation graphically, see Fig. 9. 

(a) In order to make the 97.75a*P line of con- 
stant product coincide with the Q/ line of constant 
product, the a scale must be displaced by the 
constant of proportionality and magnified by a 
factor of 3. If we have known values for a and /, 
then by choosing a value of the pressure P we 
obtain the graphical solution for Q, as shown, 2.e. 
the (a, P) intercept gives a line of constant 
product Z. The intercept of Z and / gives 0. We 
can then use this value of throughput intersected 
with the original value of P to give one point on the 
flow curve for our chosen piece of pipe. By 
repeating this at several values of pressure we can 
obtain the entire curve. 

(b) However, the equation points out that O/P 
is a constant and hence the curve must be a 
straight line of constant speed. Therefore, it is 
only necessary to obtain one point on the curve. 

By inspection, it will be evident that the inter- 
section of a and / must necessarily lie on the flow 
curve. Therefore, to draw the flow curve for a piece 
of pipe in molecular flow, it is only necessary to draw 
a 45° line through the intersection of the radius and 
the length, see Fig. 10. 

The range of pressures, over which this equation 

applies, is limited to where the mean free path of the 
molecules is large compared to the mean dimensions 
of the tube. We cut off our graph by drawing a line 
through the family of points where the pressure is 
equivalent to a mean free path of half the radius. The 
flow curve is accurate only to that value of pressure 
where the radius intersects this line. 
Viscous Flow. At substantially higher pressures we 
are in the viscous flow region® and must deal with a 
different relation, the well-known Poiseuille equation. 
We again use the conditions of air at 25°C and obtain 
the following equation : 


4 
1.42108 — (P,2-P,2) (5) 


This equation can be broken into a forward flow and 
a backward flow, having the same pressure relation- 
ships : 

QO = Q, - QO; (6) 


4 
O, = 1.42 x 10 — P2 (7) 


4 
142 x 10° — P,? (8) 


This again meets our required condition and we 
obtain the reduced equation : 


Ql = 1.42 x 10%q*P2 (5a) 


We next desire to graph this reduced relation. Note 
that the pressure term has changed to P?. In order 
to avoid adding a different pressure scale we slope 
the radius scale at 45°, see Fig. 11. This causes the 
existing pressure scale to appear as P*. We also 
spread the vertical height of the radius scale to four 
equivalent decades to account for the a‘, and shift it 
to accommodate our new constant of proportionality. 
The manipulations for solution are the same as those 
for molecular flow :— 

For a given value of a and / we choose a value 
of P and graphically obtain Q. The intersection 
of P andQ is one point on the viscous part of the 
flow curve. 

An inspection of the viscous flow equation indicates 
that the slope of the flow curve must be +2 because 
of the P? factor. This means that a 10-fold increase 
in pressure will cause a 100-fold increase in flow. 

Since the viscous flow equation (i.e. Equ. (5) ) is 
limited to those pressures where the mean free path 
is very small as compared to the diameter of the tube, 
we must make provision for limiting the flow curve on 
the low pressure side. This is accomplished as shown 
in Fig. 12, by the sloping margin on the left. The 
pressure, at which the radius intersects this line, is the 
limiting pressure for which the equation is accurate. 


Transient Flow. In order to obtain a complete 
solution for a piece of pipe we must combine the 
molecular and viscous parts into a single graph by 
making their coordinates continuous. 

Fig. 13 shows the basic Vacuum Engineering 
Graph. The smooth-radius curve which connects 
the two decade-wide pressure regions between the 
two flows is obtained by an approximate point-by- 
point solution of the transition flow equation. It is 


Vol. 
4 
1954 
181 


A GRAPHICAL APPROACH TO VACUUM ENGINEERING 


Flow Curve Construction in Molecular Region 
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Fig. 9. Flow curve construction. Fig. 10. Determination of pressure limit. 


Flow Curve Construction in Viscous Region 
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Flow curve construction. Fig. 12. Determination of pressure limit. 


N 
N N N N N N 
N N N N 
N x N N N N N \ 
N N N N N N N 
N 
N N N N N N N N \ 
N N N N N N 
N N N N N N N \ | 
N N N N N N N N | po Seam 
N N N N N N N \ See 
N N N N N N 
N N N N N N \ 
N N N N N N N \ ae 
N N N | 
x N 
N N N 
N N 
N \ N N N N \ | 
N \ N N | N N N \ 
N N N N N N N N \ aid. 
N \ N N N N N N \ ae on: 
N N N N N N \ | 
N N N N N N N \ | 
N N N N N N N N \ 
N N \ | N N \ 
N N N N N N 
N N N N 
a N N N Pitas 
N N N N N N N N 
N N N N N N } 
N N N N \ N ; 
N N N N N N 
N N N N N 
N N N N N N 
5 
954 
\ | | 
\ | N N N 
x | N N N N ge 
N N N N oy N | 
N N N N N \ | N N | 
Na N N § N \ § N | 
N N N N N \ NN N N N 
NG N N N N N } 
N N N SAN N N N N N N | B 
N N N N N N N N | 
N N N N N N 
N N N N N N N N N N 
N N N N N N N N 
N N N N N 
N N N N NS N N N | 
N N N N N NA N N N N 
N N N N N N N | 
N NY N \ N N N 
N N N N N | 
N N N N N 
P | 
| 
a 


D. J. SANTELER & J. F. NORTON 


approximate in the sense that in this region the true 
equation does not meet our conditions of super- 
position and hence there is in reality a family of curves 
connecting the two parts. Also, it will be noted that 
the usual dip on the left extremity of the transition 
region is absent. These two approximations were 
made in the interest of simplicity and are not in 
sufficient error to be considered in normal calculations. 
Plotted on the graph is a complete flow curve for a 
piece of vacuum tubing. This curve is typical of pipe 
restrictions. The curved portion in the transition 
region can be obtained by construction from the 
radius scale. However, we have found it expedient 
to mark the proper curvature on an irregular curve 
which can then be used as required. 
Pipe Entrance Loss. In some applications it is found 
that the entrance loss becomes large as compared to 
the normal restrictions given by the equations. In 
molecular flow, a good approximation to this cor- 
rection factor can be made by adding an equivalent 
length which is equal to 8/3 times the radius.* For 
convenience the line which represents the relation 
between radius and length of 8/3 is marked on the 
graph. If the intersection is to the left or near the 
line, then the equivalent length should be obtained 
from the intersection and added to the true length. 
In viscous flow a much more complex equation 
represents the entrance loss correction. We have 
not yet developed a simple method of applying this 
correction. 


Pumps 
Mechanical. The next family of vacuum components 
to be considered are vacuum pumps. 

Let us first consider a mechanical pump. It was 
previously stated that the flow curves for vacuum 
pumps are truly characteristic curves in the sense that 
the flow through them is a function of the inlet 
pressure only. In studying a number of these curves, 
we have found that, to a good approximation, mech- 
anical pumps can be represented by : 


So 


P 


1+A loge + 


The factor S, is the speed of the pump at some 
pressure P, at the upper end of its operational 
pressure range. The second term in the denomin- 
ator containing a pump constant A, refers to a 
fixed-percent reduction of speed per decade of 
pressure. For most applications this pressure- 
dependent leakage factor is so small that the speed 
can be considered constant. The last term in the 
denominator represents the ratio of the extreme 
displacement volumes of the pump and a resulting 
rapid reduction in speed as the pressure approaches 
its limiting lower value. The curvature in this 
region is similar for all vacuum pumps. The 
factors S,, Po, A, and B, define a particular 
pump. 

We have found it expedient to represent a mech- 
anical pump by two lines, an assigned constant 
speed and a limiting lower pressure. The curved 
portion between the two lines can be obtained from 
the manufacturers’ literature or by experience. It 
can be drawn directly by judicious choice of an 
irregular curve. These two numbers can be tabulated 
for all pumps. 

Fig. 14 shows the characteristic curve for a typical 
mechanical pump. A flow curve for a piece of 
vacuum tubing is also shown, as well as the character- 
istic curve for the combination. The throughput is 
limited by the pump at both high and low pressures, 
and is limited by the pipe in the middle pressure 
region. 

By constructing curves of this nature, considerable 

information can be obtained as to the relative size of 
vacuum lines and pumps required for a given applica- 
tion. From the family of characteristic curves the 
pressure distribution in the system is obtained as 
previously indicated. 
Diffusion. Let us now consider a diffusion pump. By 
arguments similar to the case for roughing pumps, we 
can approximately represent a diffusion pump by 
three lines, a limiting lower pressure, a constant 
speed, and a constant throughput. Fig. 15 shows the 
typical curve for a diffusion pump. The curved 
portions connecting the straight lines can be obtained 
from the manufacturers’ literature or can be approxi- 
mately sketched in by using an irregular curve. 
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Fig. 13. Complete flow curve for pipe. 
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Traps and Baffles 


Traps and baffles can also be represented on the 
graph. In so doing a large number of factors must be 
considered. While this report is too short to allow 
for a complete analysis of this problem, the more 
important factors will be discussed. 

If a baffle is an open surface, then its speed in 
molecular flow is the theoretical speed of its surface 
area. The line on the graph representing this is a 
characteristic curve to which can be added the flow 
curves of any interconnecting tubing. The first 
complication occurs when the baffle has internal 
pumping restrictions; for example, a U-tube trap. 
One method of handling this situation is to sub- 
divide the restriction into small increments and 
consider each increment as a separate condensing 
surface with a series restriction. These can then be 
added as though they were in parallel. The accuracy 
of this approximation will depend upon the number 
of sub-divisions used. If the baffle restriction is small 
as compared to other inter-connecting restrictions, it 
can be ignored. 

Another factor which must be carefully considered 
is mixtures of permanent and condensable gases in 
viscous and transition flow. For 100°%-condensable 
gases or for mixtures of gases in molecular flow the 
analysis is straightforward. When viscous flow is 
involved it is necessary to consider separately the trap 
speed for condensables and the system speed for 
permanent gases. This is then compared to the actual 
mixture which exists, to determine whether the system 
is capable of clearing the baffle of permanent gases so 
that the condensables have free access to the baffle. 
For any mixture there is a pressure sufficiently high, 
such that the permanent gases being pumped by the 
system will form a viscous pressure region in the 
baffle vicinity. It is then necessary to determine what 
amount of the vapours are passing through the baffle 
and hence represent a load on the rest of the pumping 
speed of the system in addition to the permanent gas 
load. This pressure region is the most difficult for 
analysis because the interdiffusion of the gases must 
be considered as well as the average residence time of 
a molecule in the baffle vicinity. One of the important 
facts to remember in this type of analysis is that for 


a system which contains both a pumping source for 
permanent gases and a vapour-condensing surface, 
there is a family of characteristic curves, the parameter 
of which is the ratio of the pressure of the permanent 
gases to the condensable gases. For any given system 
this family of curves can be constructed. If the 
concentration is changing as a function of pressure 
in a Known manner, a net characteristic curve crossing 
the family can be drawn. 

In a manner similar to the foregoing, an analysis 
can be made of the back migration of oil vapour 
through a baffle from a diffusion pump. In molecular 
flow and at a point well within viscous flow, the back 
diffusion of oil is negligible. However, in the 
transition region the back diffusion will increase due 
to multiple collisions with permanent gas molecules. 
By properly applying this graphical technique a good 
approximation can be made of the total back migration 
of oil during evacuation of a known system. This 
technique can therefore be used as an aid in the design 
of baffles for particular operating conditions. 

The final problem in connection with baffles is one 
of determining the low pressure cut-off. While we 
have not had time to evaluate this region, the fol- 
lowing discussion seems to constitute a reasonable 
argument. 

If a baffle is operating at a given temperature and 
enough vapour has condensed to form more than a 
monolayer then the equilibrium vapour pressure of 
this condensable gas will represent the low pressure 
cut-off. By letting this pressure intersect the 
characteristic curve of the baffle condensing surface 
we will obtain a flow rate which is equivalent to the 
evaporation rate of vapour from the surface. This is 
similar to a leakage problem. Therefore, to obtain 
the proper characteristic curve of the baffle we must 
subtract this evaporation rate from the original curve. 

As it stands we would expect two major complica- 
tions. The first refers to the following: In the case 
of a clean surface we are not concerned with the 
equilibrium vapour pressure but rather with the 
equilibrium adsorption pressure which is generally 
lower. Hence the cut-off pressure might start as 
very low for a clean system but as the vapours 
condense the pressure slowly increases to the 
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Vacuum Engineering Graphs of Pumps 
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Fig. 14. Characteristic curve of mechanical pump and pipe 
combination. 
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Fig. 15. Characteristic curve of diffusion pump. 
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equilibrium vapour pressure at the temperature of 
the trap. Several cases are reported in the literature 
where the equilibrium adsorption pressure is higher 
than the vapour pressure. In this event the baffle 
would not work efficiently until a monolayer of the 
vapour was deposited. The second complication may 
result from the fact that the pumps handling the 
permanent gases reduce the equilibrium vapour 
pressure over the baffle. As an example, let us 
consider a baffle operating at such a temperature as 
to have an equilibrium water vapour pressure of one 
micron Hg. The presence of a diffusion pump will 
reduce the pressure over the trap to a point where 
there is an equilibrium between the evaporation rate, 
condensation rate and flow through the diffusion 
pump at the respective low pressure. Depending 
upon the speed of the pump, the area of condensing 
surface and the amount of moisture in the trap, the 
net equilibrium pressure might be only a small 
fraction of one micron Hg. 

The techniques of handling this type of problem 
have not yet been established. 


Bends and Valves 


Another common restriction which is observed is a 
bend in a tube. It has been shown by Brown, 
DiNardo, Chang and Sherwood that the restriction 
of a simple right-angle bend is approximately equal 
to 30 pipe diameters at atmospheric pressure. At 0.1 
atmosphere this restriction decreases to about 3 pipe 
diameters and continues to decrease with pressure. 
Since a bend is usually part of a tube which has a 
length of several pipe diameters, it can be seen that at 
any pressure less than 0.1 atmosphere, a pipe bend 
can be completely ignored for vacuum calculations. 
Above 0.1 atmosphere, practically all vacuum systems 
are limited by the pump rather than by the pipe. 
Hence, it is generally safe to ignore completely all 
pipe bends. 

A valve is made up of three types of restrictions: 
pipes, bends, and an internal entrance loss. We 
have indicated that the bends can be ignored: 
therefore, if the total physical restriction is plotted 
on the graph and the entrance loss correction made, a 
complete flow curve can be obtained for any valve. 
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Special Aspects 
Turbulent Flow. As the throughput in a pipe is 
increased, a point is reached where the viscous flow 
equation no longer describes the observed facts. This 
region is called ‘turbulent flow’ and usually com- 
mences when the throughput is greater than 490 times 
the radius*. This fact is represented on the Vacuum 
Engineering Graph by the line marked Q=490a. 
Whenever the throughput QO and radius a intersect 
above this line, the flow may be turbulent. Turbulent 
flow generally exists only in the initial stage of pump- 
ing down of a system. Since this time is generally 
short and since the function is complex, no attempt 
has been made to represent it on the graph. 
Correction for Gases other than Air. As was previously 
mentioned, the scales on the graph have been con- 
structed for air at 25°C. Frequently we are concerned 
with other gases and other temperatures. The 
correction for the flow of different gases through 
pipes in both the viscous and molecular region, is 
made to the radius scale. We have tabulated these 
factors for a variety of common gases. A table of 
correction factors and the method of applying them 
is given in the Appendix, see page 194. The correc- 
tions to the characteristic curves of pumps for different 
gases have not been completely established and will be 
the subject of a future report. Temperature correc- 
tions are generally small. However, when extreme 
cases are considered, a correction can be made to the 
radius lines. Since the amount of the temperature 
correction is dependent on the gas in question, no 
attempt has been made to include it on the graph 
which is already sufficiently complex. 

Leakage and Outgassing. The Vacuum Engineering 
Graph can be used to evaluate total leakage and out- 
gassing. If a system fails to pump down to its 
expected ultimate pressure, then the intersection of 
the observed pressure and the system’s characteristic 
curve immediately indicates the total outgassing and 
leakage. Frequently the outgassing rate of a system 
will change during initial evacuation. This can be 
evaluated in the following manner: The pressure 
versus time during evacuation is measured and plotted 
on semi-log paper. By graphically differentiating this 
curve we can obtain a pressure versus throughput 
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relationship which has been modified by pump 
performance, outgassing and leakage. This curve is 
then plotted on the Vacuum Engineering Graph and 
compared with the theoretical curve. The total out- 
gassing plus leakage at any pressure can then be 
determined by taking the difference of the two 
throughputs. The presence of water vapour can 
frequently be detected in this way either from the 
increased ultimate pressure of a non-ballasted mech- 
anical pump or, if a cold baffle is present, by a rapid 
increase in speed, as molecular flow is approached. 

We have successfully used this type of analysis 
for studying rapid outgassing rates of different 
equipments. If the reduction in outgassing rate is 
very slow as compared with the pumping down of the 
system it is better to determine the outgassing rate as 
a function of time rather than pressure. It can then 
be plotted on semi-log paper as a half-life curve and 
used for further analysis. 

An important point in connection with outgassing 
and leakage as applied to the Vacuum Engineering 
Graph is the fact that it defines a new and different 
characteristic curve. The normal characteristic curve 
truly indicates the total flow through the system as 
a function of pressure. By subtracting the leakage 
and outgassing from this curve we obtain a modified 
curve which represents the relation between the 
pressure and the throughput available for evacuation. 


These two curves must not be confused. When 


leakage occurs at some mid-point of a system then 
it must be brought into the construction of the net 
characteristic curve at its proper location in the system. 
Failure to do this can lead to a faulty analysis. 


PROCEDURE FOR COMPLETE SYSTEMS 


A typical vacuum system, complete with roughing 
pump, diffusion pump, liquid air trap, lines, and 
valves might well have a characteristic curve some- 
what as illustrated in Fig. 16. On the left the curve 
separates into two parts. The lower curve is for 
permanent gas while the upper one marked ‘ cold 
trap ’ represents the capacity of the liquid air trap for 
condensables. The net flow depends on the pro- 
portional quantity of permanent to condensable gas 
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and also on the relative pumping speeds of the trap 
and the diffusion pump. Every case of this nature 
must be analysed separately. Generally, a family of 
curves can be drawn representing the net total 
capacity of the system as a function of the ratio of 
condensable to permanent gas. 


Solutions for Steady-State Flow Conditions 


Before we start the solution of transient flow 
problems, it would be well to point out some of the 
uses of the graph for steady-state flow. 

One of the most frequently occurring applications 
is the sizing of vacuum lines to pumps for specific 
uses. Fig. 14 illustrates the combination of a 
mechanical pump and a length of pipe. Obviously, 
the diameter of the pipe required depends upon two 
factors, the necessary length of the pipe and the 
ultimate pressure in the system. It has been popular 
practice to size the line such that, at the ultimate 
pressure, it represents only 10°, of the restriction of 
the pump. A study of Fig. 14 will indicate that in 
the viscous flow region this represents considerable 
over-generous design. When operating in the viscous 
flow region it is generally sufficient that the resistances 
be equal at the lowest required system pressure. In 
either event, when the characteristic curve of the 
pump is drawn, it is a simple task to sketch in a 
tolerable series restriction of the standard shape. 
Remembering that the extension of either the mole- 
cular or the viscous region of the flow curve must 
pass through the intersection of the length and the 
respective radius extension, it is possible directly to 
read off the graph an entire family of radius and 
length combinations which will contain the desired 
viscous or molecular part of the flow curve. Only 
one combination will simultaneously match both the 
viscous and molecular parts of the curve. 

It is also commonly applied in the design of 
complete new vacuum systems. If the total expected 
outgassing plus leakage is drawn as a throughput on 
the graph and allowed to intersect the ultimate 
pressure required, the speed of the system is im- 
mediately determined. A pump-and-pipe combina- 
tion can then be chosen to meet this condition and 
its characteristic curve is drawn. The expected out- 


a 
Bie: 
= 
: 
A 
~ 


D. J. SANTELER & J. F. NORTON 


Applications of Time Constant Determinations 
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gassing plus leakage is then subtracted from the curve 
to obtain a modified curve of the system. The 
modified curve represents the relation between the 
pressure and the throughput available for evacuation. 
If a diffusion pump were chosen, the graph could also 
assist in the choice of the proper backing pump and 
its effect on the diffusion pump. For best operation 
it is desirable for the characteristic curve of the 
backing pump to intersect the diffusion pump 
characteristic curve. If this does not occur, then, at 
high pressures, the diffusion pump will either bump 
or suffer a reduction in its maximum throughput. 
This will depend on the size and the flow restrictions. 
If a small-size backing pump limits the throughput of 
the diffusion pump, then the diffusion pump curve 
must be modified as indicated in Fig. 16, 7.e., where 
the upper limiting diffusion pump pressure intersects 
the rough pump characteristic curve we obtain the 
maximum throughput of the system. This value of 
the throughput represents the modified constant 
throughput part of the characteristic curve of the 
diffusion pump. If the pump backing the diffusion 
is a vapour pump, then the foregoing must be repeated 
for the pump backing the latter. 

The choice of a roughing pump for the initial 


‘ pumping-down is generally dependent on the time 


allowed for evacuation. This involves transient flow 
which is the next subject for consideration. It should 
be pointed out that the pressure at which the rough- 
ing pump characteristic curve crosses the modified 
diffusion pump characteristic curve, is the optimum 
point for switching over to the diffusion pump. 


Solutions for Transient-Flow Conditions 


Up to this point, we have only considered steady 
state flow. But now the problems arise:— 
What happens to the pressure in a vessel during 
evacuation ? 
How long will it take to evacuate from a higher 
pressure to a lower pressure in a given system ? 
To answer these questions in our proposed approach 
we must establish the mechanism for the solution of 
transient-flow conditions. 
The mathematical approach is to set up the 
differential equation governing flow out of a volume 
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Odt = -Vdp 


In order to integrate this equation we must deter- 
mine the relation between throughput and pressure. 
We have already shown how to construct the charac- 
teristic curve of a system which gives this relation. 
However, a glance at a few such curves indicates that 
the relation is quite complex. We therefore propose 
to do a simple graphical integration of the character- 
istic curve from which we can obtain the pressure 
versus time relationship. It is important to remember 
that here we are concerned with that characteristic 
curve which includes all leakages and outgassing. 

We note that at any fixed value of pressure a 
particular speed exists for the system, such that 


O= SP 
Using this value for Q, we integrate and obtain : 


ar 10 


Introducing a time constant Tt defined as the time 
which would be required to reduce the pressure by 
one decade at the existing speed eliminates the log 
relation and we obtain : 


V VP 
= 2.3 — = 2.3— 1] 
(11) 


Or = 2.3 VP (12) 


The S, P, and Q scales are already in the graph. 
The volume scale in litres and the time-constant scale 
in seconds per decade of pressure are chosen to 
coincide with the units of the throughput scale shown 
in the right margin of Fig. 17. With these scales and 
the characteristic curve of the steady state system we 
can construct the time constant at every pressure 
using manipulations similar to those developed earlier. 
Any arbitrarily chosen pressure determines im- 
mediately two quantities in the graph: First, the 
dy>3mic throughput O of the system and secondly, 
a VP constant product line. Their intersection 
determines T/2.3 on the pressure scale. By reflecting 
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the value of 1/2.3 about the 45° line on the graph 
marked 1/2.3, the value of Tt is obtained on the Q 
scale and for the pressure originally chosen. From 
this ‘manipulation we obtain one point on the curve 
which relates pressure and time constant. By 
repeating this process we can construct the entire 
time constant curve. This is not as much work as it 
might first appear, for many short cuts are available. 
Fig. 18 illustrates that wherever the speed is constant, 
the time constant curve is horizontal. Where we are 
in the viscous flow, the time constant is represented 
by a line with a slope of -1. Only a few points are 
required to obtain the entire curve. 

In order to integrate the t function, the time 
constant curve is transferred to semi-log paper see 
Fig. 19. By defining the time constant as we did, the 
area under the new curve and between two pressure 
limits is proportional to the time required for the 
exhaustion to a pressure between the two pressures. 
The shaded region represents a time of 40 seconds. 
The time constant curves, typical of mechanical and 
diffusion pumps, are shown. This example was taken 
from a situation which had a high outgassing rate. 

Several time constant curves for a given volume 
but for pumps of different sizes are plotted in Fig. 20. 
From this a comparison could be made to evaluate 
evacuation time versus equipment size and cost. 


Complex Systems 


The transient flow analysis discussed above only 
applies to those systems which contain a single 
volume or a parallel group of volumes of the same 
size, kept at the same pressure. If a vacuum system 
contains two volumes of different size with different 
connecting lines, the analysis becomes much more 
complex. Another limiting condition is that the 
volume ot the pumping line must be small compared 
with the volume to be evacuated. If the vacuum 
line is the volume being pumped out, the solution 
involves a non-linear second degree differential 
equation which has not yet been solved. However, 
empirical data suggests that a simplified approxima- 
tion can be used for this case. The graphical 
techniques for solving these more complex problems 
will be presented in future reports. 


SPECIAL APPLICATIONS 


As the vacuum engineer becomes more familiar 
with the Vacuum Engineering Graphs, many other 
applications will suggest themselves. 


Conversion of Leak Rates 


Frequently it is necessary to convert leakage rates 
for one gas at one pressure condition to those of a 
different gas at another pressure condition. Some- 
times this conversion will be such that at one condition 
molecular flow will be prevalent, while at the other 
condition viscous flow will exist. To quote an 
example, there is the problem in the refrigeration 
industry of how to determine the amount of Freon 
which leaks from a refrigeration unit in a given period 
of time as a result of the presence of a leak traced with 
a helium mass spectrometer leak detector. The 
technique applied to the solution of such problems 
constitutes a reversal of the previous method of 
analysis, i.e. while the pressure and flow are known, 
a value of / has to be assumed in order to determine 
a value of the radius. This radius is corrected for the 
different gas and a new radius line is constructed. 
By using this new radius line and the new pressure 
condition, the flow under this new set of conditions 
can be determined as before. The choice of / will 
determine whether flow is occurring in the viscous 
or in the molecular region. For this reason it is 
sometimes advantageous to choose several different 
values of /, thus obtaining several different values of 
the flow. It is then possible to plot the flow as a 
function of the different assumed lengths. 


Leak Detector Time Constants 


Another application of the graph involves defining 
leak detector time constants. The expression R=R, 
(1-e-$“”) defines the relation between leak detector 
signal and time when a volume is under test for leaks 
by any vacuum method. This is a standard ex- 
ponential function from which we can define a 63°, 
response time constant 73=V/S=VP/Q. Here 
again most of the scales are available. The Q, P, 
S, and V scales are already on the graph. By letting 
the time scale be coincident with the pressure scale, 


we can solve directly for the time required to obtain 
63%, response when leak checking any volume of a 
known size. The time scale is already on the graph, 
coincident with the pressure scale. 


THE ‘VACUUM ENGINEERING GRAPH’ 


Since applications of the Vacuum Engineering 
Graph cover such a wide range of pressures, flows, 
and radii it has been necessary to provide two different 
graphs. Their titles are:— 


Vacuum Engineering Graph I—for Systems 
(No. FN-756A) 
Vacuum Engineering Graph II—for Leaks 
(No. FN-756B) 
The first covers the normal ranges used in vacuum 


system design. The second has flow rates down to 
10°'® mm.l./sec. and radii down to 10° cm. There 
is sufficient overlap between the two so that one or 
the other should be adequate for most vacuum 
applications. 

The degree of accuracy obtainable with the 
engineering graph is determined by the care with 
which the constructions are made. The agreement 
between experimental data and predicted evacuation 
time has been excellent, the error being less than 5°. 

This graphical method of handling vacuum pro- 
blems has value for those who are faced with the 
problems of vacuum system design. The similarity 
between this solution and the slide rule will be noted. 
There are some simple scales which can be applied 
frequently and rapidly to yield the desired solution. 
There are other more complex scales and manipula- 
tions. While the average engineer can use the simple 
scales, it requires a good understanding of vacuum to 
apply the more complex ones and to make a proper 
analysis of a given vacuum system. 


1 LAWRENCE, R. B., Vacuum Symposium Trans., §5 (1954). 
‘A Simplified Method of Calculating Pressure Drop 
in Vacuum Piping’. 


2 LAWRENCE, R. B., Chem. Eng. Prog., 48, 537-541 (1952). 
‘High Vacuum Pump—A New Synopsis of their 
Properties ’. 
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APPENDIX 
Correction for Change in Type of Gas 
(See page 188) 


When a gas other than air is flowing through a pipe, the 
constants in both the viscous and molecular equations are 
changed. In molecular flow the constant is expressed by 
the square root of the ratio of the mass of the gas in question 
to the mass of air. In viscous flow the correction depends 
upon the ratio of the viscosity of the gas to the viscosity of 
air. Since the corrections are different in both regions, we 
choose to apply them to the radius scale. In order to create 
a new nomograph for a gas other than air, it would be 
necessary to shift slightly both radius scales. Rather than 
do this, we use the scale already shown on the existing 
graph and apply the two corrections to the value of the 
radius being used. The table below lists values of these 
corrections for different gases in both regions. Also listed 
is a correction to the mean free path which causes a slight 
shift in the pressure limits of the transition region. 

Example: Helium flowing through a three-centimetre 
radius pipe. We obtain from the table below : 

A=4.39; B=0.98,. and (C=2.88 

Therefore, in the molecular region a radius of 1.39 x 3 = 
4.17 cm. has to be used and for the case of viscous flow a 
radius of 0.98 x 3=2.94 cm. has to be used. The new 
transition region to be drawn into the graph is shifted to the 
right by a factor of 2.88, 7.e. intersects the lower margin at 
a pressure of 2.88 mm. on Graph I (see Fig. 13). 


Radius Conversion Factors for Gases Other Than Air 


A B Cc 
Molecular Viscous Mean 
Gas Region Region |Free Path 
Argon 0.95 0.95 1.04 
Carbon Dioxide 0.93 1.05 0.66 
Helium 1.39 0.98 2.88 
Hydrogen 1.56 1.20 1.83 
*Freon II 0.78 1.14 0.28 
Freon 12 0.78 1.10 0.30 
Freon 21 0.81 133 0.33 
Freon 22 0.84 1.09 0.37 
Mercury 0.73 0.92 0.52 
Neon 1.06 0.87 2.05 
Sulphur Dioxide 0.90 1.09 0.45 
Water — 1.08 1.18 0.66 
**Gas X (Mair /Mx)4 | (nair/nx)* [(Ax/ dair) 


* FREON is DuPont’s registered Trade Mark for its fluorinated 
hydrocarbon refrigerants. 
** M = molecular weight. 7) = viscosity X= mean free path 


3 DusHMAN, S., Scientific Foundations of Vacuum Technique, 
(John Wiley & Sons Ltd., New York, 1949). 

4 KNuDSEN, M., Kinetic Theory of Gases (Methuen & Co. 
Ltd., London, 1934). 

5 Brown, G. P., Dinarpo, A., CHENG, G. K., and SHER- 

woop, T. K., 7. Appl. Phys. 17, (1946, 802). 

‘ The Flow of Gases in Pipes at Low Pressures ’. 
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10. 


A Freeze Drying Apparatus for 
Neurohistochemical Work 


Sommaire 


DESCRIPTION d’un appareil a lyophiliser sans pompes a 
diffusion ou chauffages auxiliaires, capable de lyophiliser 
simultanément plusieurs grammes de tissues de cerveau, 
sous forme de tranches, pour localiser les enzymes durant 
l’étude histochimique. 


A FREEZE DRYING apparatus designed for the study of 
brain enzymes has been in use in this Institute for 
over six years. It was developed in order to preserve 
the histological integrity of the tissue at the same time 
as retaining a high level of enzyme activity. This 
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method enables good histochemical preparations to 
be made of a number of enzymes at the same time as 
permitting satisfactory high-power microscopy (see 
Fig. 1). 

The special features of the procedure are :— 

(1) The apparatus is simple particularly in that no 

diffusion pumps or auxiliary heaters are used. 

(2) It is possible to dry simultaneously several 

grams of brain tissue in the form of slices, 1 to 
2 mm. thick. 

The detachable Pyrex glass drying tube A is filled 
to a depth of about 2 cm. with paraffin wax (melting 
point: 52°C) and cooled in a solid carbon dioxide 
acetone mixture. Slices of freshly obtained brain are 
frozen rapidly by dropping them singly through a 12 
cm. column of isopentane cooled to between —40 and 
-60°C. The tissue slices are removed on a platinum 
loop, drained briefly on filter paper and placed on top 
of the wax bed in Tube A (15 x 3 cm.) which is cooled 
in a Dewar flask C containing a mixture of solid 
carbon dioxide and ethyl phenyl ether (phenetole). 
The tube is attached by means of a B.34 joint to a 
glass adaptor which leads via a rubber diaphragm 


Fig. 1 and Fig. 2. Diagrammatic view and photograph of freeze drying apparatus. A—tissue on wax bed, B—pressure 
gauge, C—Dewar flask, D—isolation valves, E—moisture trap, F—flexible coupling, G—vacuum pump, H—non-return valve. 


| 


\ 
vol 
| r 
i 
aa 


April, 1954 


isolation valve and a B.29 joint to a moisture trap E. 
Vacuum is provided by a two-stage rotary pump G 
of a speed of 48 1./min. through a flexible coupling F 
and a non-return valve H. A B14 socket on the glass 
adaptor provides for the attachment of a Pirani 
gauge head B, used in conjunction with a recording 
unit. The moisture trap is charged with phosphorus 
pentoxide and has provision for six drying units with 
isolation valves and one pressure release valve. The 
length of the connection is about 40 cm. All joints 
are lubricated with high vacuum silicone grease. 

The trap is clamped firmly to the table top by 
three supporting rods to avoid the transmission of 
vibration to the brittle dried tissue. The pump and 
motor are enclosed within a ventilated strawboard 
box. The pump exhaust is extended to the outside 
of the building by rubber tubing. A general view 
of the apparatus is shown in Fig. 2. 

An excess of solid carbon dioxide is present in the 
cooling mixture C at the start of the run but after a 
short time the temperature rises to a little below the 
melting point of the ethyl phenyl ether and stays 
between —36 and -32°C. for 12 to 18 hours if the 


Fig. 3. Mounting of tissue sections on glass 
slides, see text. 
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container is well lagged. Further solid carbon 
dioxide is added periodically. 

An indication of the rate at which water is evaporat- 
ing from the tissue can be obtained from the rate of 
pressure rise after closing the isolation valve D. 
When this rate has remained for 12 hours below an 
empirically determined critical level of 0.05 mm. Hg 
per min. per g. fresh tissue, the cooling bath C is 
removed and drying continued fo: an hour at room 
temperature. The tissue is infiltrated with wax in 
situ by cautiously melting the wax bed and inter- 
mittently reducing the pressure to about 10 mm. Hg. 
After 15-20 minutes the tissue is blocked out. 
Drying takes about three days. 

Sections are cut 15 u thick and mounted dry on 
lightly albumenised glass slides (Fig. 3). The wax 
is removed by treating with petroleum ether followed 
by isopentane which evaporates rapidly in air. The 
sections are transferred to an aqueous medium for 
demonstrating the sites of enzyme activity,!* 
preferably under vacuum to avoid trapping air 
bubbles in the tissue. Fig. 4 illustrates the location 
of adenosine 5’—-phosphatase activity in the rat cerebral 


Fig. 4. Intense adenosine 5’—phosphatase 
activity in the radial fibres of the cerebral cortex 
of the rat. x 50. 
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Fig. 5. Showing acid phosphatase sites in a 
cerebral astrocytoma. 


cortex and Fig. 5 shows acid phosphatase sites in a 
cerebral astrocytoma. 

The rate of freezing of the tissue appears to be 
rapid enough to avoid any ice crystal artefact detect- 
able with the high power magnification of the 
ordinary microscope but at lower freezing temper- 
atures mechanical distortion and fissuring of the 
tissue are troublesome. The working pressure is 
between 2 and 0.02 mm. Hg. It is important that 
slices should be of uniform thickness and that cooling 
should be continued until all free water is removed. 
A detailed account of the course of drying will be 
presented later. A number of slices of brain tissue 
large enough for histological work can be dried 
separately and independently. It is quite easy to 
renew the phosphorus pentoxide in the trap during 
the run after closing all six isolation valves. Enzyme 
activity in the sections has been found to be of the 
same order as that in fresh tissue, for five of six 
enzymes investigated.* 

As histochemical techniques are developed, freeze 
drying seems likely to provide an important means of 
studying the histological localisation of those enzymes 
in tissues which survive drying and treatment with 
non-polar solvents. 

D. NaIpoo. 
O. E. Pratt. 


Department of Neuropathology, 

Institute of Psychiatry, Maudsley Hospital, 
University of London, 

Denmark Hill, London, S.E.5. 

15th January 1956. 
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Vacuum Requirements of the {-Ray 
Spectrometer 


Sommaire 


ON DISCUTE LES problémes de technique du vide qu’entrai- 
nent la construction et la manipulation de spectrométres a 
rayons—f. Dans ce cas particulier, la chambre 4 vide de 
l’appareil est faite en aluminium, et des vannes ‘4 tiroir’ 
sont prévues pour isoler respectivement la source et le 
compteur. 


THE STUDY OF the spectral distribution of the f-rays 
emitted by radioactive substances, is of great 
interest. 

Actually, the hypothesis of neutrino facilitates an 
explanation of the non-monochromaticity of the 
B-emission and permits the formulation of a law for 
the distribution of the emitted electrons as a function 
of their energy. However, the experimental results 
often differ from the theoretical answers. 

Normally, in order to obtain the f-spectrum of a 
radio-active element, a spectrometer is used. The 
part played by the vacuum technique in the operation 
of an apparatus of this kind is very important as 
can be seen from the following remarks. 

The apparatus discussed here is a B-spectrometer 
fitted with a thin magnetic lens. It works in con- 
junction with a scintillation counter. Essentially, it 
consists of a source emitting f-rays in all directions; 
an annular diaphragm placed between the source 
and the lens permits the passage of only those 
electrons which are emitted within a given angle. 
After having passed the diaphragm, a further selec- 
tion takes place. All electrons of a certain fixed 
energy value are forced to converge on a point of the 
axis where the counter is installed. This effect 
depends on the strength of the magnetic field con- 
stituting the lens. By changing the strength of the 
field, z.e. by altering the current through the lens, 
all electrons of another energy level can be forced to 
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converge on the counter. Repeating this procedure 
as often as required, a complete spectrum can be 
readily obtained with the spectrometer. 

In order to ensure high precision in the determina- 
tion of the various energy values of the electrons 
emitted by the source, the latter must not be sub- 
jected to stray fields and collisions on their flight as 
this may affect their energy levels, the direction of 
their flight, or may even cause neutralisation, should 
the speed of the electrons be low. For this reason, 
the f-rays must move in a perfectly evacuated 
enclosure (7.e. chamber of the spectrometer). In 
the particular case the author has in mind, the 
spectrometer chamber is made of aluminium and 
maintained at a reduced pressure of 4 10° mm. Hg. 
The pumping plant consists of an oil diffusion pump 
backed by a rotary pump. Aluminium has been 
chosen as the construction material for the chamber 
because it is non-magnetic and, therefore, stray 
field effects are minimised. 

Two gate valves are provided to isolate the electron 
source and the counter respectively, when a replace- 
ment of either has to be effected. This ensures 
that during operation the vacuum in the greater 
part of the instrument chamber can be maintained 
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with the attendant result that the replacement is 
carried out in a minimum of time. This is of 
particular importance where the experimental work 
requires the use of short-life B-rays. The movement 
of the gate plates is controlled from the outside and 
therefore, a vacuum-tight seal must be provided, 
where the valve rod passes through the wall of the 
instrument chamber. A ‘plastic phosphorous’ 
crystal is used in the counter and the characteristics 
of this type of crystal are not affected by operation 
in a vacuum. 

I believe that the above notes will serve as an 
example that the physicist or engineer-in-charge of 
such apparatus must be knowledgeable in electrical 
engineering, electronics and nuclear physics, and, 
in addition, must be a real vacuum expert. 


M. LEGROs, 
Laboratoire de Radioactivité, 
University of Liege, 
9, Place du XX Aout, 
Liege, 
Belgium. 


12th January 1956. 


BOOK REVIEW 


Ionized Gases. By A. Von Engel. (Clarendon 
Press, Oxford, 1955.) Pp. 281. Price £2 2s. Od. 


The post-war years have seen a remarkable in- 
crease in interest in the study of the electric discharge 
in gases, it being realised that the discharge often 
provides the best, and sometimes the only way of 
studying a variety of collision processes of impor- 
tance in the physics of the upper atmosphere and in 
astrophysics. 

Nobody has done more than Dr. Von Engel to 
put the study of discharges on a rational basis. His 
monumental work in collaboration with M. Steenbeck 
still remains the ultimate authority for very many 
research workers in this field. 

In the present volume Von Engel has prepared a 
text based on his undergraduate lectures at Oxford. 


The result is naturally more limited in scope than 
his earlier work. Nevertheless it will certainly prove 
of interest and useful for many others beside the 
students for whom it has primarily been written. 
The contents are well planned. After a short 
historical introduction in Chapter 1 the second 
chapter discusses conduction in feebly ionised gases, 
describing the effect of space charge in various 
simplified situations. The fundamental processes 
of excitation and ionisation in gases are dealt with 
in Chapter 3. The experimental information on the 
elastic scattering of electrons and ions in gases is 
presented in a concise and clear manner although in 
connection with positive ion scattering the descrip- 
tion of Fig. 25, as showing elastic scattering cross 
sections for ions in gases, is perhaps a little misleading 
and the remark made in the text just afterwards, that 
‘the variation of Q.; with ion energy K at low K 
is perhaps instrumental’, is an understatement. Such 
measurements are almost entirely determined by the 
geometry of the slit system used to define the beam 
after scattering, as should be clear from the discussion 
immediately preceding. Indeed the measurement of 
total elastic cross sections for ions in gases presents 
great difficulties and has not so far been carried 
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out satisfactorily. 

The author then goes on to discuss the excitation 
and ionisation of atoms and molecules. This section 
would perhaps have been improved if some descrip- 
tion had been given of the methods used to obtain 
the experimental curves given. For example, the 
measurements of ionisation in alkali metal vapours 
are much more difficult than those in the rare gases 
and there may be some legitimate doubt whether 
the complicated structure of the, former curves is 
real. Since no discussion of experimental methods 
is given the reader is bound to conclude that all the 
measurements presented are of equal value. In 
passing one should also note that the value given 
in Table 3.8 for the energy required to produce an 
ion pair in helium by electrons is almost certainly 
too low. Recent measurements on alpha particle 
ionisation in helium have shown that when great 
care is taken to remove all impurities the energy 
per ion pair is raised by about 40 per cent. into 
agreement with that expected theoretically. There 
is little doubt that the same behaviour will be found 
for ionisation by electrons when the necessary 
experiments are done. 

In dealing with ionisation produced by the collision 
of heavy particles the statement of page 59 that ‘ the 
corresponding potential for ionisation is larger if 
the atoms of the beam are of a different nature than 
those of the gas’ is a little misleading. The critical 
potential would be expected to be such that the 
energy of motion relative to the centre of mass of 
the system is equal to the ionisation energy. If the 
incident particle is of smaller mass than the struck 
particle this should occur at a lower incident energy 
for an H—He collision for instance than for an 
He—He collision. Actually this critical energy is 
extraordinarily difficult to measure since the curves 
for ionisation efficiency for heavy particles approach 
the threshold almost horizontally. 

Chapter 3 concludes with a brief discussion of 
problems associated with the emission of charged 
particles from solid surfaces—secondary electron 
emission, photo-electric emission, field emission, etc. 

The next three chapters deal with phenomena 
associated with the motion of swarms of ions or 
electrons in an electric field. Brief discussions are 
included of the classical theories of mobility and 
recombination, of some of the experimental methods 
used for measuring these quantities, and of the results 
of such measurements. It is a little surprising to 
find however that only the very briefest reference is 
made to the use of the very elegant methods developed 
by Biondi, Brown and their colleagues using the 
afterglow of a pulsed discharge for the measurement 
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of this kind. These techniques belong to the most 
spectacular post-war developments in physics. 

Attention should also be called to a very useful 
section in Chapter 5 on space charge effects in 
beams of charged particles, a subject which is of 
increasing interest and importance. 

Chapter 7 presents the basic Townsend theory of 
gas ionisation and break-down in an electric field 
and this leads naturally into the last two chapters 
dealing with the glow and arc discharge. There is 
little doubt that the author is at his happiest when 
describing the mechanism of the discharge and the 
difficult topics of the last two chapters are presented 
with lucidity and in a manner calculated to arouse 
an interest in the fascinating problems presented by 
discharges. 

The most serious weakness in the opinion of the 
reviewer is the rather arbitrary choice of experi- 
mental methods described. Attention has already 
been directed to this above. It is perhaps surprising 
that so little attention is paid to the use of the 
Langmuir probe as a technique for the investigation 
of gas discharges. The discussion of the theory of 
the probe is relegated to an appendix and examples 
of its use are omitted. 

Again one would have thought that the growing 
importance of plasma oscillations would have earned 
them some attention in a work of this type. Through- 
out, the author confines himself to the study of the 
processes necessary to understand the mechanism of 
the discharge and does not deal with the increasing 
usefulness of the gas discharge as a means of getting 
further information about processes of fundamental 
interest. 

In assessing the value of this book one has to 
remember that it is primarily based on a course of 
undergraduate lectures. There is no intention to 
give a full account of the subject. 

Nevertheless the phenomena the book sets out 
to cover are treated clearly and carefully. The 
author manages to convey a vivid impression of the 
physical processes occurring. One of the most useful 
features of the book is the wide use of numerical 
illustrations to inculcate a feeling for the magnitudes 
of the various important quantities. And the many 
tables provided of quantities useful in the study of 
discharges should ensure its appeal not only to 
students but to the ‘researchers and scientific 
engineers ’ mentioned in the author’s preface. 

The book represents an important addition to the 
literature in this field and its production maintains 
the high technical standard one has come to expect 
from the Oxford Press. 


E. H. S. BurHopP. . 
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. . . of vacuum interest 


Lectures 


United Kingdom. ‘THE NORTHAMPTON POLYTECHNIC, 
St. John Street, London, E.C.1, announces a course 
of evening lectures on HIGH VACUUM TECHNOLOGY 
to commence on Tuesday October 9th (7-9 p.m.) 
extending for approximately 30 weeks. The lecturers 
are A. Walsh, B.Sc. and J. Ewins, B.Sc.(Eng.). 


Subject of Lectures 

General introduction to high vacuum apparatus; pressure 
measurement, units, McLeod, Hot Wire and Ionisation 
gauges; pumps, rotary diffusion and booster; measurement 
of pumping speed; kinetic theory and gas flow; leak 
detection; valves, connections and seals; manipulation of 
internal apparatus; design of complete vacuum systems; 
matching of pumps; evaporating and sputtering processes; 
electronic valve processing and evacuation. 


Laboratory Practice 


Measurement of pumping speed of various pumps under 
different conditions; absolute calibration of McLeod gauges ; 
calibration of hot wire and ionisation gauges against a 
McLeod gauge; leak detection; degassing and gettering 
processes; preparation and assembly of electronic valve 
parts; pumping and activation of a small radio valve; 
evaporating techniques including production of reflecting 
and non-reflecting films. 


The fee for the course is £2 5s. Od. 


United Kingdom. THE BATTERSEA POLYTECHNIC, 
Lonpbon, S.W.11, has announced a lecture course on 
POWDER METALLURGY to be held once a week com- 
mencing on Tuesday October 2nd at 7 p.m. The 
following three lectures of that course have a bearing 
on vacuum engineering : 


Metals and Alloys of High Melting Point. 
Lecturer : Mr. D. A. Robbins. 


Sintered Carbides. 
Lecturer : Dr. T. Raine. 


Metal Ceramics. 
Lecturer : Dr. T. H. Blakeley. 


The fee for the course is £1. 
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United Kingdom. THE ELECTRONICS GROUP OF THE 
INSTITUTE OF Puysics, has arranged for a SYMPOSIUM 
ON THIN FILMs to take place on the 28th and 29th 
September at the London Road Buildings of the 
University of Reading. The Chairman is Mr. M. E. 
Haine. The lecture programme is as follows :— 


Friday, 28th September. 


Epitaxy and Theories of Crystal Orientation. 
Presented by : Dr. M. Blackman. 
Imperial College of Science & Technology, London. 


Single Crystal Films of Nickel and Other Metals. 
Presented by : Dr. L. E. Collins. 
A.W.R.E., Aldermaston. 


Structure and the Influence of Vacuum Conditions. 
Presented by : Dr. H. D. Keith, A.Inst.P. 

University of Bristol. 
Metallic and Selective Absorption of Thin Films at Infra- 
Red Frequencies. 
Presented by : Prof. G. K. T. Conn. 

University of Exeter. 


The Formation and Optical Properties of Anodic Oxide 

Films. 

Presented by : F. C. Cowlard and R. W. Franklin. 
Plessey Co. Ltd., Towcester. 


Saturday, 29th September. 


Transparant Gold Conducting Films. 
Presented by : E. ¥. Gillham. 

National Physical Laboratory, Teddington. 
Field Emission Microscopy and Studies in Surface Structure. 
Presented by : Dr. F. Ashworth, A.Inst.P. 

Metropolitan-Vickers Co. Ltd., Manchester. 

Electron Emission from Freshly Disturbed Surfaces. 
Presented by : Dr. K. H. R. Wright, A.Inst.P. 

Mech. Eng. Res. Laboratory, Thornton Heath. 
Nickel Chromium Alloy Films. 

Presented by : Dr. F. Ashworth, A.Inst.P. 
Metropolitan-Vickers Co. Ltd., Manchester. 


FURTHER LECTURES are announced as follows :— 


Tuesday, Fune 12th 1956 at 2.0 p.m. 

A Continuous Process for Dehydrating Fruit Juices. 

Lecturers : V. A. Turkot, R. K. Eskew and N. C. Aceto. 

Held at: Crystal Room, Sheraton-Jefferson Hotel, St. 
Louis, Missouri. 

Arranged by : Institute of Food Technologists, U.S.A. 


Tuesday, June 12th 1956 at 2.40 p.m. 


The Storage Stability of Freeze-Dried Peaches. 

Lecturer : C. O. Chichester. 

Held at: Crystal Room, Sheraton-Jefferson Hotel, St. 
Louis, Missouri. 

Arranged by : Institute of Food Technologists, U.S.A. 
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Tuesday, Fune 12th 1956 at 4.35 p.m. 

Some Recent Work on Dehydration in the United Kingdom. 

Lecturers : E. 7. Rolfe and E. G. B. Gooding. 

Held at: Crystal Room, Sheraton-Jefferson Hotel, St. 
Louis, Missouri. 

Arranged by : Institute of Food Technologists, U.S.A. 


Wednesday, Fune 13th 1956 at 9.40 a.m. 

Stability of Frozen Concentrated Orange Juice. III. The 
Effect of Heat Treatments in the Production and Stability 
of High-Brix Frozen Concentrates. 

Lecturers : O. W. Bissett and M. K. Veldhuts. 

Held at: Room 1, Sheraton-Jefferson Hotel, St. Louis, 


Missouri. 
Arranged by : Institute of Food Technologists, U.S.A. 


Friday, July 13th 1956 at 11.30 a.m. 

Current Vacuum Practice. 

Lecturer : L. G. Beckett. 

Held at : College of Technology, Manchester. 
Arranged by : Institution of Electronics. 


Wednesday, fuly 18th 1956. 

Changes in Conductivity on Adsorption of Gases on Metal 
Films. 

Lecturer : R. Suhrmann. 

Held at : University College of North Staffordshire, Keele, 


Staffs. 
Arranged by : The Society of Chemical Industry. 


Wednesday, Fuly 18th 1956. 

Kinetics of Sorption of Gases on Evaporated Metal Films. 
Lecturers : P. M. Gundry and F. C. Tompkins. 

Held at : University College of North Staffordshire, Keele, 


Staffs. 
Arranged by : The Society of Chemical Industry. 


Wednesday, fuly 18th 1956. 

The Bombardment of Metal Surfaces by Positive Ions. 

Lecturer : 7. H. Leck. 

Held at : University College of North Staffordshire, Keele, 
Staffs. 

Arranged by : The Society of Chemical Industry. 


Wednesday, October 17th 1956 at 6.30 p.m. 


Physics Below one Degree Absolute. 

Lecturer : Dr. E. Mendoza. 

Held at : 47 Belgrave Square, London, S.W.1. 
Arranged by : Institute of Physics. 


Wednesday, December 12th 1956 at 6.30 p.m. 

The Preparation and Testing of Diffraction Gratings. 
Lecturer : Dr. L. A. Sayce, F.Inst.P. 

Held at : 47 Belgrave Square, London, S.W.1. 
Arranged by : Institute of Physics. 


Wednesday, Fanuary 16th 1957 at 6.30 p.m. 


Ultra-High Vacua. 

Lecturer : 7. Yarwood, F.Inst.P. 

Held at : 47 Belgrave Square, London, S.W.1. 
Arranged by : Institute of Physics. 


April, 1954 


United States. The COMMITTEE ON VACUUM TECH- 
NIQUE, INC., Boston 9, Mass, has announced the 
programme of its THIRD NATIONAL SYMPOSIUM ON 
VACUUM TECHNOLOGY which is to take place at the 
Hotel Sheraton, Chicago, Illinois on the 10, 11, 12th 
October 1956. The following papers will be read :— 


Wednesday, October toth 1956. 


Fundamental Developments in Vacuum Technology 


Experiments on Flow of Gases Through Leaks. 

Presented by : A. Nerkin. 

Gas Flow Patterns at Entrance and Exits of Cylindrical Tubes. 
Presented by : B. B. Dayton. 

Cold Sealed Getter-Ion Pumped High Voltage X-Ray Tubes. 
Presented by : A. 7. Gale. 

A Vacuum Laboratory for Vapour Deposition of Conductors 
and Dielectrics. 

Presented by : C. R. Meissner. 

Thickness Measurements of Evaporated Films. 

Presented by : G. Scott. 

Fluid Flow Conversion in Leaks in Capillaries. 

Presented by : D. F. Santeler. 


Methods and Techniques for Obtaining High Vacuum. 


Vacuum System for 30 BEV Accelerator. 

Presented by : C. Gould. 

The Place of the Modern Steam Ejector in Vacuum 
Technology. 

Presented by : F. Boehm. 

An Ever Ready Pre-Conditioned Vapour Vacuum Pump. 
Presented by : K. Hickman. 

Theory and Performance Characteristics of a Positive Dis- 
placement Rotary Compressor as a Mechanical Booster 
Vacuum Pump. 

Presented by : C. M. VanAtta. 

Mechanical Vacuum Boosters—Their Characteristics and 
Applications. 

Presented by : G. W. Oetjen. 

Recent Developments in Mechanical Booster Vacuum 
Pumps. 

Presented by : H. Steinherz. 

Measurement of Pumping Speeds. 

Presented by : C. Reefer. 

Vacuum Gauge Calibration. 

Presented by : 7. LeBlanc. 

An Inherent Error in the Knudsen Effusion Manometer 


and a Method of Correcting it. 
Presented by : 7. K. Sherwood and N. E. Cooke. 


Thursday, October 11th 1956. 
Instrumentation, Controls and Other Vacuum Devices. 


Thermopile Vacuum Gauges Having Transient Tempera- 
ature Compensation and Direct Reading over Extended 
Ranges. 

Presented by : 7. M. Benson. 
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Utilisation of Tetrodes as Ion Gauges for Controlling and 
Evaluating their Processing. 

Presented by : G. R. Barber. 

Recent Advances in the Alphatron Vacuum Gauge. 
Presented by : R. H. Vacca. 

Application of the Mass Spectrometer to Tube Development. 
Presented by : R. W. Griessel. 

New Type Helium Mass Spectrometer Leak Detector. 
Presented by : A. Nerkin. 

Non-Destructive Leak Detection for Production Testing of 
Hermetic Enclosures for Electronic Components. 
Presented by : B. W. Schumacher. 

A Simplified Mass Spectrometer Type Helium Leak 


Detector. 
Presented by : D. E. Charpentier. 


Vacuum Distillation. 


Differential Vacuum Distillation Between Crucible and 
Evaporant Utilising W-185 and Au-198. 
Presented by : L. E. Pruess. 

Spinning Band Stills. 

Presented by : R. G. Nestor. 

Brush Still. 

Presented by : E. S. Perry. 

Performance of High Vacuum Stills. 
Presented by : E. R. Freitas. 

Laboratory Vacuum Stills. 

Presented by : F. E. Willisams. 


Molecular Distillation of Petroleum Residue Using Centri- 
fugal Stills. 
Presented by : W. C. Fones. 


Rotating Distilling Column. 
Presented by : ¥. E. Hawkins. 


Friday, October 12th 1956. 
Metallurgical and Chemical Applications. 


Vacuum Arc Study Chamber. 

Presented by : E. W. Fohnson and R. Itch. 

Vacuum Arc Melting. 

Presented by : E. D. Sayre and A. fF. Stoph. 

Problems on Vacuum Arc Furnaces. 

Presented by : H. Gruber. 

Some Physical and Chemical Aspects of High Vacuum 
Annealing of Metals and Alloys. 

Presented by : E. A. Gulbransen. 

Vacuum Induction Melting. 

Presented by : 7. H. Moore. 

Thermodynamics of Vacuum Processes. 

Presented by : W. 7. Pennington. 

Industrial Metallurgical Application of High Vacuum for 
Extraction of Hydrogen from Titanium in the Solid State. 
Presented by : F. A. Fazzalari. 


Subjects of Current Interest. 


Shock Tube. 
Presented by : A. Ritter. 
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Design and Operation of a Hypersonic Low Density Wind 


Tunnel. 
Presented by : G. ¥. Maslach. 


The Future of Vacuum Technology—A Panel! Discussion. 
Presented by : 7. Durant. 


Books 


The following books on vacuum subjects have been 
published recently :— 


Germany. 


Einfiihrung in die Vakuumtechnik Vol. I. 

Author : W. Heinze. 

Published by : VEB Verlag Technik, Berlin (1955). 
Pp. 452: . Price £3 §s..3d. 


United States. 


The Metallurgy of Zirconium. 
Edited by : B. Lustman and E. F. Kerze, fr. 
Published by : McGraw-Hill Book Co. Inc., New York 


(1955). 
Pp; 776 pages. Price £3 11s. §d. 


Personal 


United Kingdom. SIR FRANCIS SIMON, F.R.S., until 
now Professor of Thermodynamics at Oxford is to 
succeed Lord Cherwell, F.R.S. as Dr. Lee’s Professor 
of Experimental Philosophy on the Ist October and 
at the same time becomes head of the Clarendon 
Laboratory. 


United States. Dr. Irving Langmuir of General 
Electric has recently been presented with a new 
diploma of the doctor’s degree, he received at the 
University Goettingen in 1906. This is an old custom 
established at that University to give public acknow- 
ledgement to the work and contributions of the 
School’s doctorates. The ceremony was held in the 
United States. 


Sweden. Mr. E. Lindholm, Géteborg, until now 


Assistant Professor at the Chalmers University of 
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Technology in Goteborg, who is well known for his 
vacuum work, has been appointed to the Chair of 
Physics at the University of Stockholm. 


Industrial 


June, 1956 

United States. F. J. STOKES MACHINE Co., PHILA- 
DELPHIA 20, vacuum plant manufacturers, have made 
it known that the name of their company is changed 
to F. J. Stokes Corporation. 


July, 1956 
United States. American manufacturers engaged in 
metallising plastic materials by vacuum processes 


have formed the Vacuum Metallisers Association. 
The Association will have the task to present the view 


Apvil, 1954 


of the industry to other organisations, the government 
and the public and will promote standardisation and 
simplification of production methods and products as 
well as circulate information of interest among its 
members. The Chairman of the Association is Mr. 
Milton-Hammer, President of the National Metallising 
Corp, the Vice-Chairman is Mr. John Hastings, Vice- 
Chairman of Hastings & Co., and the Secretary is Mr. 
Clark Taylor, Vice-President of Metallised Products 
Co. 


Miscellanea 
July, 1956 
Switzerland. We understand that a credit of approx- 
imately 8 million francs has been obtained by the 
University Zurich to build a new physics institute 
which will include an air liquefier plant and an 
accelerator for nuclear research. 
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VACUUM ENGINEERING — GENERAL 15 PHYSICS 
16 CHEMISTRY 
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ELECTRICAL SCIENCES 18 
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CATHODIC SPUTTERING 36 DRYING 
37 METALLURGICAL PROCESSES 


IMPREGNATION 38 DISTILLATION 
FUMIGATION 39 MISCELLANEOUS PROCESSES 
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48 
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16 — CHEMISTRY — 16 
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Gas Impurities Separable by Condensation 
(Determination of —) 47/1; 
Gas Solubility i in Mineral Oils _ 
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Powder Metallurgy 

Structure of Metals 
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Watch Performance at Reduced Pressures 61/1; 
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Developments ... ; 36/II; 
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22 — MEASURING PLANT (VACUUM) — 22 


B-Ray Spectrometer ... 62/I1; 

Centrifuge (Vacuum Type 61/II; 

Electron Diffraction ... 16/ EZ/TE; 19 

Electron Microscope... 19/11; 65/II; 66/11; 67/II; 68/II; 69/II; 
Field Emission Microscope _... 64/II: 

Specimen Preparation ... 19/II; 20/11; 66/11; 68/II; 69/11; 70/II; 


X-Ray Apparatus 15/11; 63/II; 


26 — MATERIALS — 26 


Carbon and Carbon Products ... ve 22/H; 24/1: 
Drying Agents ... 71/1; 
Glass are 73/H:  74/H; 75/1; 
Glycerol ... 25/11; 79/1I; 80/II; 
Plastics ... 71/72/11; 
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Seals (Other than Shaft 30/11; 83/11; 85/II; 
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29 — MISCELLANEOUS APPARATUS — 29 


Electronic Computers ... 91/II; 

Leak Detector ... 32/11; 33/11; 34/11; 88/II; 
Liquefier (Gas —) 35/II; 
Stirring Devices (Liquid. —) .. 90/11; 
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33 — IMPREGNATION — 33 


36 — DRYING — 36 


Concentration of — 
Drying—General 


Theory and Design 


Vacuum Apvil, 1954 
Vol. IV. No.2 


Vol. 
4 
195: 


VACUUM 
Classified Abstracts 


Cumulative Subject Index, Vol. IV (1954) 


Contd. 


For information published previously under these or other headings see 
October 1951, October 1952, and October 1953 issues respectively. 


Subject Abstract No. 


37 — METALLURGICAL PROCESSES — 37 


Fusion Methods (Vacuum —) 84/TH; 85/1; 86/ 

Hydrogen Determination coe SOP ELE; 

Melting and Casting... 29/111; 30/III; 34/III; 
Melting Point Determination (Methods of hed) 87, II: 

Rare Metals (Processing of —) ves 82/III; 
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Apparatus and Methods (Various —) 7/1V; 8/IV; 27/IV; 
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Hog Cholera Vaccine ... 

Theory and Design _... 6/IV; 25/1V; 26/IV; 
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45 — ELECTRONICS — 45 
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Glass-to-Ceramic Seals... 37/1V; 
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and References 


10 — VACUUM ENGINEERING (GENERAL) — 10 


A Survey of Gauges for Measurement of Low Absolute Gas Pressures 


United States. All existing types of low pressure indicating gauges suitable for industrial use are reviewed. 
The designs available can be classified according to their operating principle into three groups: Gauges based 
on mechanical force, thermal conductivity and electrical ionisation. The first group consists of Bourdon tubes, 
aneroid bellows, liquid manometers and diaphragm gauges. Bourdon tubes, aneroid bellows and liquid 
manometers cover the range from atmospheric pressure down to about 100 » Hg. The mechanical deflection, 
usually amplified by a suitable mechanical linkage, is observed visually. Diaphragm gauges are used down to 
about lp Hg. Indication is electrical, in a form based on the unbalance of a capacity measuring a.c. bridge 
circuit caused by the mechanical deflection. All these instruments operate independently of the composition 
of the gas to be measured with the exception of liquid manometers such as the McLeod gauge, the function of 
which is based on Boyle’s law and is, therefore, inaccurate for condensable vapours. Each reading takes about 
1 minute and there is the danger of vapour of the manometer fluid escaping into the system. In spite of this, 
it serves as a fundamental pressure standard in the trade and is widely used for calibrating other gauges in the 
range down to 10-° mm. Hg. Another gauge which could be defined as a mechanical type is the Knudsen 
gauge, indicating pressure down to 10-° mm. Hg. The gauge utilises the angular displacement (caused by the 
gas to be measured) of a vane supported on a torsion suspension between two fixed heated vanes. In the 
lower pressure region the gauge is very nearly independent of gas composition, but its construction is delicate. 
The action of thermal conductivity gauges, i.e. Pirani and thermocouple gauges, is based on the fact that 
an electrically heated wire exposed to a gas loses heat and thus changes its electrical resistance in accordance 
with the thermal conductivity of the gas in question. But this relationship is linear in a limited pressure range 
from a few microns to a few hundred micron Hg. Hot-wire gauges are popular because they are simple and 
inexpensive. In the case of the\third group of gauges the gas is ionised and the resulting ion current is recorded. 
The quantity actually measured is the number of gas molecules per unit volume. The gauge facilitates reliable 
measurements down to 10-*mm. Hg. One form of ionisation gauge is fitted with a hot filament cathode. This 
type must not be exposed to atmospheric pressure while the filament is hot and various protective circuits have 
been developed to minimise this risk. Also, the heat produced may effect chemical reactions in the gas and 
cause absorption phenomena. The Philips gauge uses a cold cathode and a high voltage to produce the 
electron stream required, ionisation being intensified by the provision of a strong magnetic field. This gauge 
is not damaged by exposure to atmospheric pressure but as a result of the action of the discharge it requires 
frequent cleaning. Another form of ionisation gauge is the alphatron gauge. Here, ionisation is effected not 
by a discharge but by alpha particles emitted from a small quantity of radium placed in the gauge chamber 
in a sealed container. All disadvantages connected with discharges or the application of heat are absent. A 
linear relationship between gas density and ion-current is inherent in a correctly designed instrument. The 
lower limit of its range is about 10-* mm. Hg. 


Sommaire : Cet article examine tous les types de jauges disponibles pour la mesure de gaz sous basses pressions 


Measurement of High Vacuums at Low Temperatures 
See Abstract No.: 51/II 


High Vacuum Equipment 


United States. Vacuum processes in metallurgy are normally carried out in the pressure range from 1 mm. to 
1 micron Hg. The size and capacity of the vacuum plant required for these installations depend on the following 
factors: Lowest pressure required, average operational pressure, highest permissible pressure, average and 
maximum quantity of gas to be removed in unit time, and desirable pump-down time. The amount of gas 
liberated during a chemical reaction can be calculated in lbs/hr. and can be converted to litre microns per 
second for air by a factor of 80,000 but the extent of outgassing and the optimum operating pressure for a 
particular charge must be determined experimentally. Gas present due to in-leakage can be ignored in view 
of modern leak detection methods. The type of pumping plant usually employed comprises an oil ejector 
pump backed by a mechanical fore pump. The alternatives, steam ejectors (or mechanical pumps only) are 
not satisfactory below 1 mm. Hg and diffusion pumps are designed to operate at pressures below 1 micron Hg. 
In the oil ejector pump, the air is removed from the system by entrainment in a high-velocity oil vapour stream 
which passes through a diffusor of converging section. The oil is then condensed and returned to the pump 
boiler, and the air compressed during transit is delivered to the mechanical pump. In cases where the 
mechanical pump required would be of an inconveniently large size, an additional oil-ejector pump, working 
in series with the first, and a correspondingly smaller mechanical pump can be substituted. Where large 


quantities of condensable vapours have to be handled, purification plant for the rotary pump oil should be 
provided and where the contamination is severe or of an abrasive nature, it is advisable to use a steam ejector 
for the purpose. All pipe lines should be of a large diameter and as short as possible. Specially developed high 
vacuum valves should be used providing large straight-through port openings. 
and butterfly valves. 
are not recommended : 


The preferred types are gate 
Special consideration should be given to gasket design and materials. Full-face gaskets 
The O-ring type with an approximate compression of 20% is preferred. Suitable 


Article by 
R. B. Lawrance 
Chem. Engng. 
Prog. 
50, March 1954 
155-160 
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materials are Hycar and Neoprene. O-rings from these materials are available in sizes up to 16 inch. diameter. Pe wr by 
u. Gerow 


The article concludes with advice on welding procedures and leak detection methods. pbsey 
Sommaire: Un avis général sur le choix de systéme de pompage, nécessaire pour les procédés employés dans 173, 18.2.1954 
la métallurgie sous vide, est donné. 142-144 


66/1 


Some Measurements on a High-Vacuum High-Speed Ion Pump 
See Abstract No. : 37/II 


The Theory of High-Speed Oil Diffusion Pumps 
See Abstract No. : 40/II 


Correct Use of the Formula for Apparent Pumping Speed 
Australia. Research workers using the formula 


1 1 1 
0 | 
for the calculation of the net (or apparent) pumping speed S, at the far end of a short tube connected at the 
other to a pump of actual speed So, have arrived at obviously incorrect results. It also appears that the 
significance of C, is taken by some workers as the conductance of the tube only and by others as the total 
| conductance including that of the tube opening. In consequence, doubts have been raised as to the validity 
of the formula. The author proves that the formula is mathematically correct but the factor C, applies to the 
conductance of the tube only. The above formula was established by Knudsen and, due to an ambiguity in 
Knudsen’s papers as to the pressures involved, end correction was not taken into account in its original form. 
Where tubes of high impedance are considered, end corrections can be neglected and this explains why the _ Paper by 
above formula has given acceptable results in some instances. N. A. Florescu 


Invest. Phys. 
Sommaire : La condition de validité de la formule de la vitesse de pompage apparente est démontrée. 


No. 1, 1954 


Some Theoretical and Experimental Observations on the Ultimate Vacuum Obtainable in Vapour Pumps 69/1 


Australia. A criticism is advanced of the assertion still current, that the ultimate vacuum of a vapour pump 
is limited by the diffusion of gas back through the vapour blast. With an experimental device it has been 
shown that the ultimate vacuum with hydrogen is much lower than that resulting from backward diffusion. 
The occurrence of the gas escaping back through the vapour molecules, particularly in the case of hydrogen, 
has been proved and it has been shown that vapour condensation is not required for pumping action. It has 
been confirmed that the ultimate vacuum is limited by the presence of gases in the vapour stream from the 
boiler. From curves showing the variation of the ultimate vacuum with the fore pressure it is possible to 
distinguish between the prevalence of the gas escaping backward and the gas contained in the vapour. 


(Author) Article by 
Sommaire: Bien que théoriquement possible, la pompe a diffusion a huile ne donne pas un vide parfait dans le ic — 
domaine pratique. Ceci est du a la présence de gaz dans la vapeur d’ huile elle-eméme. L’auteur décrit les 4, Jan. 1954 
O_ expériences faites dans le but d’éclairer la position actuelle. 30-39 


The Ultimate Vacuum of Two-Stage Rotary Oil Pumps TO/I 


United Kingdom. It had been noticed that rotary pumps show an increased ultimate pressure as their 
temperatures rise during operation. It is established that this pressure rise is not due to the presence of vapours 
of the oil used in the pump itself but probably to the progressive appearance of vapours from the lighter 
fractions of the oil liberated as a result of decomposition. It is concluded that this phenomenon resulted from 
the thermal effects of the vanes sliding in the rotor where the condition of boundary lubrication exists. Extreme 


pressure additives to the oil had a marked influence on these pressure variations and it may be possible to dis- Article by 
cover an additive which will completely prevent the cracking of the oil. D. A. Hockley 
Sommaire: Des variations, observées dans les pressions minima obtenes avec des pompes a palettes, . Lhe 
sont dues, d’aprés les auteurs, aux effets de la decomposition de l’huile. Ces variations furent étudiées 4, Jan. 1954 
expérimentalement. 40-47 


Standards for Vacuum Fittings 71/1 
See Abstract No. : 95/I 


Improvements i.o.r.t. the Detection of Leaks in Vessels Intended to be Gas-Tight 
See Abstract No. : 88/II 
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microscope slide. 


target at 2 kV. 


through the front port mentioned above. 


were estimated visually by appearance. 


The Sources of Electron-Induced Contamination in Kinetic Vacuum Systems 


United Kingdom. In an investigation reported by the author previously (Brit. J. Appl. Phys. 4, 1953, 101) 
it has been demonstrated that objects in kinetic vacuum systems, e.g. specimens in electron microscopes, are 
liable to contamination by the adsorption of organic molecules condensing on them from the residual vapours 
in the evacuated system and originating from materials employed in the construction of the apparatus on bomb- 
ardment by the electron beam. These contaminants decompose and form a carbonaceous layer. 
present paper the author gives a quantitative and comparative assessment of the degree of contamination 
resulting from various materials based on an extended series of experiments. 
experiments was made of glass connected to a mercury diffusion pump via a liquid air trap by means of a ground 
glass flange joint sealed with Apiezon W wax on the outer rim. A similar joint was used to cover the porthole, 
through which the materials to be tested were inserted. The glass envelope housed an electron gun, the beam 
of which was focused by an electrostatic lens onto a small slit behind which lay the target, a small piece of 


In the 


The apparatus used in these 


No adverse charging-up effects on the target were observed. Behind the target was a 


Faraday cage collector for measuring the electron beam current. 
across the beam by magnetically operated rods inside the apparatus and could be removed from the apparatus 
Satisfactory cleaning was effected by torching the glassware and 


running a discharge inside it. The gun produced a uniform intensity of 10 mA/cm# on the exposed area of the 


The target could be moved in a direction 


The current reaching the target was 20uA. The heating effect was sufficiently low not to 


(t =100 min. 


Relative Contamination Caused by Vacuum Materials 


1=0.01 A/cm*. V=2 kV) 


affect the contamination rate. The experimental procedure consisted of first setting the beam to the required 
value with the target in the path of the beam. The target was then removed for the stipulated standard time 
(+100 minutes) and then returned to the central position to check the current. The thickness of the deposits 
on the target was determined by the multiple beam interferometry method. But thicknesses of 100 A or less 
The quantities of materials inserted for testing into the apparatus 
for each run were approximately equivalent to the amount exposed in a typical electron gun chamber. Results 
of the experiments with non-metallic materials are given in the following table reproduced below. 


Material 


Treatment 


Thickness of 
contamination 
deposit (A) 


Diffusion pump oil 
(Apiezon B) 


As supplied 


1,700 


Silicone diffusion pump 
oil (Dow-corning 703) 


As supplied 


Vacuum grease 
(Apiezon M) 


As supplied 


Apiezon W wax (cold) 


As supplied 


Natural rubber sheet 
(very lightly loaded)* 


Boiled in aqueous 
and alcoholic potash 


White round-section 
compass cord (Dunlop 
Rubber Co. Ltd.) 


Boiled in aqueous 
and alcoholic potash 


Square section para- 
rubber gasket cord 
(Caton Ltd.) 


Boiled in aqueous 
and alcoholic potash 


Black Neoprene (heavily 
loaded to give oil 
resistance t) 


Boiled in aqueous 
and alcoholic potash 


O-ring rubber gasket 
material (W. Edwards 
& Co. (London) Ltd.) 


Boiled in aqueous 
and alcoholic potash 


600 


Polythene 


Washed in detergent 


Perspex sheet 


Superficially cleaned 


Bakelite sheet 


Superficially cleaned 


<50 


Photographic plate 


Superficially cleaned 


* Mix H.6325 Guide Bridge Rubber Co. 
~ Mix 15316 Guide Bridge Rubber Co. 
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Similarly results have been obtained for metals such as brass and aluminium shown in a further table. Of 
the various chemical cleaning methods detergents had little effect but the actual removal of a surface layer 
by acid treatment was wholly effective. An electron gun made from brass treated in this manner showed no 
contamination until it was operated. Subsequent baking of the gun for 6 hours at 150°C rendered it almost 
completely ¢lean. Exposure to atmosphere made no difference to the cleanliness but handling and washing 
produced fresh contamination. In the case of complicated systems adequate cleaning treatment is difficult. 
For this reason experiments were carried out to ascertain the effect of heat. It was found that contamination 
was reduced by a factor of 8 as the temperature was increased from 50°C to 200°C. Ina similar way contamina- 
tion was greatly reduced by building round the target a cylindrical jacket through which cooling liquid was 
passed. At-—15°C contamination was prevented completely, the vapours condensing on the cooled walls rather 
than on the target. 

Sommaire: L’importance relative de la contamination due aux différents matériaux normalement employés 
dans les appareils a vide, a été étudiée. Certaines méthodes pour y remédier sont recommandeées. 


High Vacuum Applications of Polythene 
See Abstract No. : 96/I 


The Process of Gas Evolution From Low Vapour Pressure Liquids Upon Reduction of Pressure 


United Kingdom. Little attention appears to have been given so far to the problem of gas evolution from 
liquids subjected to reduced pressure although this problem is of importance in view of the progress of vacuum 
technique and its treatment may produce information of value in assessing pumping rates, for instance, which 
will prevent excessive bubbling and consequent splashing. Up to a certain degree of supersaturation of the 
liquid gaS‘is evolved without causing bubbling. This process can be assumed to be a diffusion process proceeding 
in an analogous way to the flow of heat through a conducting solid under the infiuence of a temperature 
gradient. Choosing the theoretical approach to the problem accordingly and substituting D, the gas diffusivity, 
for k the thermal diffusivity, the authors develop the following formula expressing gas evolution in terms of 


pressure : 
AL 
Ap = (P-P») — 


Where P is the initial equilibrium pressure between gas and liquid, P, the value to which the pressure has been 
reduced, A the surface area of the liquid, L the Ostwald solubility coefficient, Vg the volume of the gas space 
and ¢ time. This formula expresses the pressure change as a linear function of 1/7 and thus the value of D can 
be calculated from the slope of the curve. In order to check the validity of the theoretical findings, experiments 
were made using a special mixing chamber which facilitated the application of pressures varying from 80 lb/ 
sq. inch down to 0.06 mm. Hg. The high pressure was used for the saturation of the liquid. An agitator 
working at a rate of 500 cycles/min. was employed during the saturation stage to ensure intimate mixing of 
gas and liquid. About 2 hours later the pressure was reduced and the experiment begun. The liquids used in 
the experiments were Apiezon ‘GW’ oil, Silicone ‘ DC 200’ and Silicone ‘ DC 702’. The test gases were air 
and helium. The Ap versus 4/¢ values obtained by experiment for the various gases and liquids yielded reason- 
ably consistent values for D calculated on the base of the above formula, confirming that this formula is a true 
expression of the behaviour of the gas during evolution. 


Diffusivity of Air and Helium 


P fag Slope Ostwald Diffusivity 
lb. sq. lb. sq. (P-Po) solubility D 
Gas Liquid inch inch em. of em. oil | coefficient | (caleulated) 
abs, abs. oil minutes L em./sec. 


°‘ GW’ oil 50 15 2.9 x 108 1.2 0.088 2.9 x 10-5 

do. 37 - 10 2.2 x 10° 0.93 0.088 3.0 x 105 

‘DC. 200’ 48 15 27 x IP 1.75 0.16 2.15 x 105 

Helium | ‘GW’ oil 48 15 at X10 2 0.015 3.2. x 105 
‘DC. 200’ 52 14.5 0.51 0.032 3.45 x 10-5 

‘DC. 702’ 50 15 29 x 108 0.26 0.016 41 x 10 

do. 35 10 2.05 x 10* 0.18 0.016 3.9 x 10-5 


If the pressure is reduced below a certain value, the diffusion theory no longer applies. The gas diffuses into 
bubbles, the bubbles grow and the gas evolution is appreciably higher than in the former case. Bubbling was 
found to be initiated when the supersaturation ratio exceeded 3.5 to 1. A method of calculating the final size 
of the bubbles reaching the surface is given and appeared to agree with experimental (visual) observation. 
Equations have been developed which permit the calculation of the gas evolution under the conditions of 
bubble formation for a given gas in a given liquid within the pressure range investigated. 

Sommaire : On rapporte une étude faite sur le mécanisme du dégazage de liquides a basse tension de vapeur, 
quand ces derniers sont soumis a des pressions réduites. 
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Vacuum Degasification in a Packed Column. Deoxygenation of Water in Stedman Packing 
See Abstract No. : 97/III 


How and Why Solids Agglomerate 
United States. The working principle and essential requirements of agglomeration processes, 7.e. the packing 
of loose bulk materials to form a solid mass are considered. Deairation contributes to the successful operation 
of this process. The random sizes, into which a solid breaks when crushed, may be classified broadly as coarse 
medium and fine particles. All three sizes of particles should be present in the right proportion in the materials 
treated in order to give the required density without the application of great force during the pressing operation. 
High pressures are undesirable as they may cause crushing of some particles during the operation resulting in 
an uneven distribution of the pressure. Packs from uniform particles have a high porosity, about 47%, whereas 
packs formed from various-size particles may have a porosity as low as 8%. In order to promote relative 
movement of the particles during the operation, i.e. to obtain the ‘ plasticity ’ required, a plasticiser is added 
to the loose bulk. Water is the most commonly used plasticiser but oil, wax, tar, and other materials are also 
employed. Careful mixing of the particles is necessary to prevent stratification of the materials agglomerated 
and segregation of certain particles. In many cases it is desirable that the mixer provides some grinding action 
O (attrition milling) rounding off sharp edges of particles and thus assisting in obtaining the required particle 

distribution. The actual packing is preferably carried out in machines incorporating rams or augers. In one 
particular type of arrangement, two augers work in tandem in combination with a vacuum chamber in order 
to facilitate deairation. The loose bulk, with the plasticiser added, is fed into the mixing section of the machine. 
Here it is picked up by the first auger and passed into the vacuum chamber. A second auger carries it through 
a second die into atmosphere, the vacuum chamber being sealed by the material filling the two dies. In the 
vacuum chamber gases trapped in, or adsorbed by, the solids are removed. Deairing stimulates plasticity so 
that ‘ stubborn’ materials can often be processed with less initial preparation and less plasticiser. In most 
cases vacuum-deaired extrusions show greater strength. This is demonstrated in illustrations showing certain 
slugs extruded after vacuum-deairing to be self-supporting for more than twice the length of non-deaired 
specimens. The reasons for this improvement are not fully known. Typical applications of the agglomeration 
process are the manufacture of pellets to avoid dust losses, the production of definite shapes and sizes as 
required in powder metallurgy for instance, the recovery of waste materials, and the packing of light solids 
such as carbon black into dense shapes to facilitate compact storage and economy in transport. 


Sommaire: Le procédé industriel de l’agglomération des solides, employant l’eau comme plastifiant, est 
examiné. Une partie de cette opération est la désaération qui est faite sous vide. 


The Current Situation of Freeze Drying of Semen 
See Abstract No. : 24/IV 


Preservation by Freeze Drying 
United States. In freeze drying the material is first frozen and then the ice is sublimed in a highly rarified 
atmosphere. The merits of the process are based on the following characteristics of the method: (1) The 
operational temperature is below that, where a number of labile materials undergo chemical changes. (2) For 
the same reason the loss of volatile constituents is low. (3) There is no foaming which may cause deterioration 
oO of the solute treated. (4) The end product has a sponge-like structure showing no concentration of the solids 
present in the original solution and for that reason shows little tendency of coagulation. (5) No ‘case-hardening’ 
occurs during sublimation. Thus more moisture can be removed with less heat than in other drying processes. 
(6) Due to the frozen condition bacterial growth during and after treatment is prevented and (7) oxidation 
of readily oxidisable constituents is minimized. The freeze drying process is carried out in two stages. The 
primary drying operation, performed at temperatures well below 0°C, accounts for the removal of some 98-99% 
of the original moisture content and the secondary drying operation, carried out at higher temperatures up to 
ambient temperature, reduces the residual moisture to 0.5% or less. In the early stages of development the 
operational temperature was that of dry ice throughout. Later in blood plasma processing , it was found that 
enlargement of the condenser surface facilitated the use of higher temperatures up to —10 and —20°F with a 
terminal temperature of -40°F. In certain cases however peak load condenser temperatures as low as —75 to 
—85°F with terminal temperatures of —100°F are required, e.g. for the preservation of live modified hog cholera 
virus vaccine and human tissue for bone, skin and artery grafting. A plant for the treatment of hog cholera 
vaccine is described and illustrated. It has two chambers evacuated to 1 micron Hg kept at —40° and —-100°F 
respectively. A three-stage refrigeration system is connected by means of a secondary refrigerant circuit, to 
the two chambers and condensers. Trichlorethylene is used as medium to heat or chill the processed materials 
by passing it through the hollow plates which carry the material in the chambers. The trichlorethylene is 
chilled by a Freon refrigeration system and heated in a thermostatically controlled heat exchanger. Blood 
vessels and skin tissue require about 5-6 days processing time and bone about 2-3 weeks. 


Sommaire: Un examen général de la méthode de lyophilisation, donnant des détails sur les aspects techniques 
du procédé, et soulignant ses mérites particuliers pour la préservation des matériaux biologiques. 
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The Relation of Lignin, Cellulose, Protein, Starch and Ether Extract to the ‘ Curing ’ of Range Grasses 


Canada. The ability of some grasses to cure well i.e. to retain a high nutritive value while preserving their 
natural physical form for several months after growth has ceased, is an important asset in the winter feeding 
of livestock. There is an estimated area of 40 million acres available as pasture land in Manitoba, Saskatchewan 
and Alberta, a considerable part of which is used for its standing forage during the fall and winter months. 
The bulk of the forage is derived from native grass but, for various reasons, substantial areas have to be re- 
grassed and various species of high yielding grass are introduced for the purpose. Some of the latter show 
little tendency to cure and this observation initiated the present work, a study of the factors governing the 
curing process. Previous workers have shown that the digestibility of dry feedstuff is reduced as the lignin 
content rises and that cellulose, considered highly digestible in its pure form, is less digestible if it is associated 
with lignin. Protein content, normally not exceeding 5% in cured forage, and fat content are of minor import- 
ance in this connection but the leaching effect of heavy rain falls has to be taken into account in assessing the 
true nutritive value. The following species have been investigated : Native Grasses—(1) Common Speargrass 
(Stipa comata, Trin. and Rupr.). (2) Rough Fescue (Festuca scabrella, Torr.). Cultivated Grasses—(1) Crested 
Wheatgrass (Agropyron desertorum, (Fisch.) Schult). (2) Common or smooth Bromegrass (Bromus inermis 
Leyss). Samples of about 500 g. (fresh weight) were used for the tests. Details of the sampling methods are 
given. As the samples were to be used for soluble carbohydrate tests and lignin determinations, drying by 
heat was impracticable as it causes the enzymes to be inactivated and the tests may indicate too high an 
apparent lignin content. Air drying was equally unsuitable because it permits cell respiration to continue 
resulting in a loss of available carbohydrate. Therefore, the freeze drying method was chosen which insured 
a minimum of changes in chemical composition. The samples were frozen in a metal can, 13 x 4 inch. which was 
placed inside a 1—-gallon insulated container, the space between the two being filled with powdered carbon 
dioxide. The vacuum pump used was capable of maintaining a pressure of 0.0004 mm. Hg. The samples were 
ground to pass through a 60—mesh screen. Tests were made for lignin, cellulose, fat, protein and starch content. 
The histological techniques included sectioning, staining and photomicrography. It was found that 95% or 
more of the dry weight of the matured native grasses consisted of leaves while 90% of the dry weights of the 
matured cultivated grasses consisted of stems. The results of the experiments indicated a low lignin content 
in both groups of grasses in the early stages of growth but in the case of the introduced grasses, the lignin 
content rose sharply in the maturing stage whereas that of the native grass rose only slightly. Also, the leaf 
of the native grass showed a compact structure, frequently reinforced by bands of fibres, whereas the leaf 
of the cultivated grass was of a delicate structure containing only a few reinforcing cellulose strands. This 
coincides with the observation that leaves of native grass retain their physical form during curing and leaves 
of introduced grass decompose early. In addition, the leaves of the native grass showed a higher cellulose 
content, at least in the early stages of growth, than the leaves of the cultivated grasses and the stems of the 
latter consisted essentially of structural material. 


Sommaire: La conservation de l’herbe est essentielle pour la nourriture du bétail en hiver. La méthode de 
lyophilisation a été employée pour une étude comparative des propriétés nutritives de lherbe plantée dans 
Vouest du Canada. 


Some Aspects of Micro-Moisture Determination 
See Abstract No. : 120/1 


An Apparatus for the Determination of the Solidus Temperatures of High-Melting Alloys 
See Abstract No. : 87/III 


A Remarkable Etching of Copper 
Holland. Metal surfaces to be examined in a light microscope for their crystalline structure are normally 
prepared by immersion in an etching liquid after mechanical polishing. The etching liquid ‘ eats’ away the 
metal in the top surface and the crystallites, thus exposed, appear coloured when viewed in a polarized light. 
This colour effect results from multiple reflection occurring in the pits formed during etching. There exists, 
however another etching method i.e. the method of electro-chemical displacement. In this case the metal is 
immersed in an aqueous solution containing ions of a noble metal and etching is effected by ion exchange, 
replacing the ions of the noble metal in the solution by ions of the metal to be etched. Asa result, a thin film 
of the noble metal is deposited on the surface under treatment thus raising it in fact, instead of reducing it as 
is the case when the conventional method is applied. This method requires electrolytic polishing of the surface 
to keep the top layer free from distortions. A metallic surface etched by the electrochemical displacement 
method shows similar colour effects. This is demonstrated in a photograph of an O.F.H.C. Copper surface 
taken after a 10-second immersion in 0.1% Ag NO, (weight) and 10% HNO, (volume) solution in distilled 
water. But in this case it was believed that the colour effect is due to the presence of an underlying thin 
anisotropic double-refracting layer. In order to prove this point the author etched two copper samples, one 
by immersion in a silver-nitrate solution and the other by immersion in a nitric acid solution, and coated both 
specimens with films of silver by vacuum evaporation. The silver films were thin enough to reproduce faith- 
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fully all details of the surface and at the same time thick enough to absorb any light not reflected on the outside 
of the surface. As expected all colour effects originally observed on the sample etched by electrochemical 
displacement were eliminated. 

Sommaire : Les phénoménes de couleur obtenus sur des surfaces de cuivres gravées ont été étudiés pour 
connaitre leurs origines, a l'aide de la technique de l’évaporation sous vide. 


Radiocarbon Dating 
See Abstract No. : 98/III 


13 — ELECTRICAL SCIENCES — 13 


Negative Ion Emission from Oxide-Coated Cathodes. I 
See Abstract No. : 29/IV 


Negative Ion Emission from Oxide-Coated Cathodes. II 
See Abstract No. : 30/IV 


Cementing Metal Screens to Cathode-Ray Tubes 
See Abstract No.: 101/III 


Electrical Measurements at Centimetre Wavelengths 


United Kingdom. The author describes new measuring instruments and techniques required at centimetre 
wavelengths for the determination of impedance, attenuation and power in waveguides. If the standing wave 
ratio of the waveguide is known, the impedance at any point along the guide may be calculated by a formula 
given in the article or evaluated graphically by using the Smith chart. The position and amplitude of the 
voltage standing wave is obtained with the help of a standing wave detector. The latter consists of a carefully 
made probe which is moved along a rigid and accurately made waveguide section, the probe being connected 
to a co-axially mounted silicon crystal diode detector. Methods of checking the performance of the detector 
and the accuracy of the readings are described. Attenuation is measured in practice by comparison with a 
calibrated attenuator. There are cut-off and dissipative attenuators. The operation of the former is based on 
the fact that in a waveguide of given dimensions, waves of a length greater than a critical value are heavily 
attenuated. The degree of attenuation obtainable depends on the waveguide dimensions and can be calculated. 
In such an attenuator the insertion loss of the instrument is high. The dissipative attenuator operates on the 
principle that a resistive film supported in a rectangular waveguide parallel to the electric vector will dissipate 
some of the power passing through the waveguide. Its insertion loss is low. One practical form consists of a 
Oo film of nickel-chromium alloy chosen for its low temperature coefficient of resistance and its corrosion and 
abrasion resistance, which is deposited on a thin glass slide by vacuum evaporation. A hard uniform film is 
necessary. A film which is not carefully prepared may become crazed resulting in an inconsistent electrical 
performance. This can be the possible cause of alterations in attenuation experienced with time and change 
in atmospheric conditions. The glass for the slide is selected for its surface properties, and the ends of the vane 
are tapered to minimise mismatch. Work is in hand to find an alternative to glass, with similar electrical 
properties but of greater robustness. The surface resistivity of the films is extremely critical and varies with 
each application. An incorrect value gives rise to frequency-conditioned fluctuations in the attenuation—the 
so-called resonance in the vane. Adequate mechanisms are necessary to hold, move, and measure the position 
of the vane. Various methods of measuring power are discussed. Practically all methods consist in measuring 
part or all of the r.f. power dissipated as heat. In one method facilitating an accuracy of about 5%, the 
temperature of water flowing at a known rate through a polythene wedge-shaped enclosure, placed in the 
waveguide, is measured at the inlet and outlet. The shape of the wedge is designed to ensure total energy 
absorption. Another method employs a neon tube with an electrode designed for rapid striking. The tube is 
inserted a small distance into the guide and the external part is covered by a metal tube which has a viewing 
slot. The length of the glow discharge is proportional to the square root of the pulse energy and therefore the 
power is proportional to the square length of the discharge. Greater accuracy is obtained by measuring a 
known fraction of transmitted power obtained in a directional coupler, using a thermistor bridge. Details of 
this method are given. 
Sommaire: On discute les méthodes de mesure d’atténuation d’impedance et de puissance dans les systémes de 
guides d’ondes centimétriques. A ce sujet, description est faite sur le projet et l’éxécution d’atténuateurs de 
dissipation. 
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Some ‘ Black ’ Interference Reflectors 
See Abstract No. : 60/III 


Measurement of Spark Spectrum Intensities in the Vacuum Ultra-Violet with a Photomultiplier Sensitised to 
Fluorescence 


Australia. Photomultipliers sensitised to fluorescence have been employed recently to record the intensity of 
the d.c. hydrogen arc spectrum but, as the intensity of the spectrum lines below 1,000 A is very low in the d.c. 
arc, it is preferable to use sparks or pulsed discharges as the source. The authors report on an adaptation of the 
photomultiplier arrangement to suit the alternative source. A photomultiplier type E.M.I. 6094 was employed. 
Its cathode window was coated with sodium salicylate. The height of the pulse transmitted by the photo- 
multiplier was measured by a peak voltmeter. The cathode current of the final cathode-follower stage of the 
voltmeter was passed through a galvanometer of period 1.25 sec., the spot movement of which was recorded 
photographically. Two graphs of spectra obtained with this arrangement are shown demonstrating that 
emission down to 480 A isrecorded. In the particular case, a capacitor of 0.7uF, charged to 12 kV was discharged 
about 100 times per minute in hydrogen passing through a 1 mm. ‘ Pyrex’ capillary tube at about 2 mm. Hg. 
The effects of varying the length of the gate provided by the gate circuit which controls the operation of the volt- 
© meter have been investigated. 


Sommaire. On donne des détails sur un photo-multiplicateur amélioré sensible a la fluorescence, ce qui facilite 
: l’enrégistrement jusqu’a 480 A en utilisant des décharges a étincelles ou a impulsion. 


The Ultra-Violet Spectrum of a Diatomic Hydride Excited in Hydrogen-Potassium Fluoride Hollow-Cathode 
Discharges 


See Abstract No.: 112/I 


The De-Excitation of Helium Metastable Atoms in Helium 
See Abstract No.: 19/IV 


Temperature Distribution Along a Wire Electrically Heated in Vacuo 


India. The temperature distribution along a thin rod or wire electrically heated in vacuo can be readily 
expressed by an integral but so far integration could only be effected numerically. The authors found a way 
of integrating directly by expanding the integrand as a power series and dealing with each term separately. 
The rod can be considered as being divided into two regions, the middle part A corresponding to O< t<t, 
(where t is the drop in temperature as compared with T,,, the temperature at the centre of the rod) and end 
region B corresponding to t>t. (Where t.=(T4,,—T"%.,) /2 T..3 and T,, is the temperature to which T, tends as the 
length of the rod is increased indefinitely). Only the first few terms need be considered as the series is rapidly 
convergent. The temperature variation in region A is parabolic and independent of thermal conductivity, 
specific resistance and total emissivity. The conditions obtaining in short rods and infinitely long rods are 
covered by the new approach. Measurements made on temperature distributions in tungsten filaments, 
Acheson graphite and platinum wires confirm the theoretical results. 


fe) Sommaire: La méthode de détermination de la répartition de la température le long d’un fil chauffé électrique- 
ment dans le vide est discutée. 


New Methods of Cleaning and Preserving Insulating Oils, Particularly in Sealed Transformers 
The absorbed water and gas are 


Germany. Describes a mobile installation for periodical cleaning of oils. 
removed by centrifugal spraying in high vacuum. 

(Science Abstracts) 
Sommaire : Cet article décrit une installation mobile employant la technique du vide pour nettoyage périodique 
des huiles isolantes. 


14 — MECHANICAL SCIENCES — 14 


Standards for Vacuum Fittings 
United States. Areport ona system of vacuum flanges sealed by O-rings which is being considered for presenta- 
tion to the American Standards Association by a committee of the technical society ‘ The Committee on 
Vacuum Techniques ’ for adoption as an American Standard. 


Sommaire: Un rapport sur un systéme de brides pour appareil 4 vide dont l’étanchéité est assurée par un 
joint circulaire de caoutchouc. 
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High Vacuum Applications of Polythene 

United Kingdom. Vacuum systems are normally constructed from metal or glass. The essential advantages 
of the two materials are: Good machinability in the case of the former and good visibility and cleanliness in 
the case of the latter. In the majority of applications the use of either or both is satisfactory. But these 
materials have disadvantages which may preclude their use for certain purposes, for instance the handling of 
corrosive gases. Where the risk of undesirable chemical reactions is to be eliminated and flexibility combined 
with a resonable machinability is required, polythene has proved a suitable construction material. }-inch 
diameter tubing with a wall thickness of } inch will stand evacuation without collapsing; but increasing the 
diameter to, say 3 inch. requires an increase of the wall thickness to inch. The melting point of polythene 
being about 110°C a Tesla discharge coil is used for removing occluded gases, not a flame. Adsorbed gases are 
removed by continuous pumping. A clean polythene system can be pumped down to 10-° mm. Hg. Although 
the material is slightly permeable to gases and water vapour, as long as the walls are thick enough and, in spite 
of the slight tendency to liberate dissolved gases, a pressure of 10-* mm. Hg can be held on cut-off overnight. 
An occasional exposure to the atmosphere for a few minutes results in less contamination than in the case of 
the other construction materials. Polythene can be joined to itself, to glass and to metal by welding with a jet 
of hot nitrogen. Leaks can be repaired by a similar welding technique. Tubes can be bent by inserting a coiled 
spring and immersing in a hot water bath for 15 minutes. Glass and metal components can be coated with 
polythene to protect them against chemical attack by heating them to 200°C and tipping them in polythene 
powder. All kinds of vacuum system components can be fabricated from polythene. Details are given of : 
(1) vessels made from 6-inch. diameter tubes closed by 43-inch thick discs, (2) valves including fine-control 
valves, fitted with a hard polytetrafluorethylene spindle unit, and (3) manometers of the diaphragm type. A 
special design of the latter made from glass and fitted with a polythene diaphragm has given 12 months’ service 
in work concerned with fluorine materials without deterioration. Finally, the properties of polythene grease 
(I.C.I.) have been investigated. ItsI.P. drop point is 127°F and its vapour pressure is high but it can be used 
with success where vacua of about 10-° mm. Hg are required. 


Sommaire: On décrit les emplois du polythene comme matériau de construction pour les piéces d’appareils a 
vide, telles que chambres, vannes, robinets, etc. 


15 — PHYSICS — 15 


Measurements of High Vacuum at Low Temperatures 
See Abstract No.: 51/II 


Recent Developments in Engineering Dimensional Metrology at the N.P.L. 

I. The Production of Diffraction Gratings 

United Kingdom. Details are given of the high-precision lathe employed at the N.P.L. for the production of 
plane diffraction gratings according to the Merton—N.P.L. (National Physical Laboratory) process. The 
method has been described in full in Abstract No. 27/I. The design of the lathe is based on the Bryant Simons 
Diamond lathe. Special precautions have been taken to eliminate all causes of vibration. The driving motor 
and gearing are housed in another room, the pump is mounted separately. The bed of the machine measures 
7 ft. 10 inch. x 1 ft. 8 inch. x2 ft. It can take work pieces up to 4 inch. diameter and 24 inch. length. About 
100 pitches can be cut ranging from 60 to 30,000 per inch. The spindle speeds vary from 28 to 57 r.p.m. The 
traverse rate of the tool is # inch per hour when cutting 30,000 grooves per inch. The error of pitch uniformity 
does not exceed one microinch. If a grating of 15,000 grooves per inch with an area of 3 x 3 inch. is required, 
a cylindrical bar of 12 inch. length and 1 inch diameter is used as the work piece. The primary thread is cut 
over a length of 4 inch. and the Merton nut used has a length of 1 inch. This eliminates successfully all short- 
period errors. In order to arrive at a linear accuracy of 0.0001 inch over lengths up to 3 ft. a new method of 
controlling the cutting of the grooves was introduced. It is known that Moiré fringes form when two diffraction 
gratings, superimposed with their rulings not quite parallel, are placed between the observer and an extended 
light source. Dark or light fringes will show, depending on the relative displacement of the two screens. This 
effect has been used to check the pitch by arranging for a photocell and a phase-sensitive electronic counter 
to record the fringes passing in front of an aperture and at the same time to indicate the excess fraction of the 
distance between consecutive fringes involved in the displacement. 

Sommaire: Des détails sont donnés sur un nouveau tour de haute précision pour la production de grilles de 
diffraction (Voir Abstract 27/1). 


Improvements i.o.r.t. Graticules for Optical Sighting Instruments 
See Abstract No. : 62/III 


Some ‘ Black ’ Interference Reflectors 
See Abstract No. : 60/III 
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An Improved Process for Colouring Transparent Material, Especially for Optical Goods 
See Abstract No.: 61/III 


Computations in Thin Film Optics 
United Kingdom. A survey is given of computing methods in thin film optics and the merits of different 
schemes for different purposes are discussed. Some design technique for multi-layer filters are described. 
(Author) 


Sommaire: Un examen des méthodes de calcul sur les couches mince optiques est donné, et les mérites de 
différents projets employés sont discutés. Quelques projets techniques pour les filtres 4 multi-couches sont 
décrits. 


Apparent Density of Thin Evaporated Films 
United States. The density of thin films is influenced by the nature of the processes occurring during evapora- 
tion at the substrate-film interface. The surface of the thoroughly cleaned substrate has an orienting effect on 
the initial atoms evaporated on to it. For instance, in the case of a crystal, epitaxy may occur and in the case 
of other strongly oriented non-crystalline surfaces the condensing atoms will tend to duplicate the structure 
pattern of the substrate surface. Contaminated surfaces will promote agglomeration of the evaporated atoms. 
Normally, the substrates employed are not entirely free of contamination and the investigation reported here 
was purposely conducted under conditions simulating the practice. Copper and silver films have been 
investigated. Two substrates where employed positioned symmetrically to the axis of the evaporation system : 
A weighed mica flake of about 2 cm? area tor the measurements of the mass of the deposit and a glass (micro- 
scope) slide for the determination of the thickness of the deposit. In the case of the mica flake it was assumed 
that all evaporated atoms striking the surface would be retained on the surface. Therefore no attempt was 
made to clean it but the slide was cleaned chemically and then scrubbed and dried with grease-free paper. 
The deposition was carried out at a rate of 500 A in thickness per second. The operational pressure varied from 
10-4 to 10-°> mm. Hg. The total mass of the deposits ranged from 0.25 to 2.00 mg. and was determined with a 
semi-micro balance. In order to determine the mass per unit area the irregular shape of deposits as small as 
these have to be taken into account. This was achieved in the case of silver by obtaining an image by contact 
with photographic paper and measuring the latter with a polar planimeter, and in the case of copper by colori- 
metric determination of the mass. The thickness was measured with a Tolansky-type multiple-beam inter- 
ferometer. The measured densities were plotted against thickness showing highly reduced density values 
compared with the bulk densities of the two metals, particularly at small thicknesses. On the base of the results 
obtained the authors develop a hypothesis on the mode of growth of the deposits on clean as against contamin- 
ated surfaces which explains why two films of equal average thickness, deposited on a clean and a contaminated 
surface respectively, give different density values. The degree of variation depends on the roughness or 
porosity of the film at the glass interface. The latter is determined by the degree of contamination of the 
surface. The higher the contamination, the more pronounced is the migration and agglomeration of the 
condensing atoms. These conclusions of the authors are supported by observations of other workers, quoted in 
the article. The density of a copper film in the authors experiments showed 89% of the bulk density of copper 
at 1500 A thickness. On the other hand there is no evidence that, taking a small volume of film only which 
contains many atoms, the densities measured should vary from that of the bulk material. In many applications 
of thin films, therefore, it is important to take into account the conditions of the glass interface before assump- 
tions on film structure and density are made. 


Sommaire: On décrit les mesures de densites apparentes des couches de cuivre et d’argent obtenus par 
évaporation. 


Optical Properties of Evaporated Aluminium Films 


United States. The optical properties of thin evaporated aluminium films have been investigated with a view 
of assessing the relative merits of these films when employed in place of silver films as partial mirrors in Fabry- 
Perot spectrographic systems. The films were prepared by evaporation from tungsten and molybdenum 
crucibles onto optical flats positioned at a distance from the source varying from 30 to 60 cm. The evaporation 
time was controlled and did not exceed 1 minute for the production of a film of 95% reflectivity. This was 
achieved by using crucible currents up to 400 A. R and T of the films at various wavelengths (for instance, 
3,980 A) where measured directly, immediately after deposition, employing a point source of white light and a 
photomultiplier. In order to avoid photomultiplier ‘ fatigue’ the current of the instrument was kept at about 
s of its maximum permissible rate and the wavelengths were isolated by narrow-band pass filters. The values, 
obtained experimentally and plotted in the form R+T as a function of T, showed that the absorptivity of 
aluminium films increased about 10% as the transmissivity increased from 2 to 20%. The figures published by 
Kuhn and Wilson for silver films, measured in a comparable wavelength range, showed lower absorption for a 
given transmissivity and a lower rate of decrease of R+T as a function of transmissivity. On the other hand, 
measurements carried out by the author on aged aluminium films (2-4 weeks) indicated no consistent change 
n the values of R and T, whereas Kuhn and Wilson found that the R and T of aged silver films had deteriorated 
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appreciably. On the base of the values obtained for R and T the authors calculated the effective number of 
interfering beams and interference fringe maxima intensity as functions of transmissivity and incorporated 
the results in a graph which demonstrates the comparative performance of aluminium and silver film in a 

Fabry-Perot interferometer. Letter by 
Sommaire : Les propriétés optiques de couches fines d’aluminium déposées par évaporation sous vide ont été | 7 a Pag TO 
mesurées, ceci a différentes longueurs d’onde de la région visible, afin de déterminer leurs qualités relatives 44, March 1954 
quand ils sont employés comme mirroirs partiels dans les systemes spectrographiques de Fabry-Perot. 253 


Optical Properties of Silicon Monoxide in the Wavelength Region from 0.24 to 14.0 Microns 105/1 


United States. Thin evaporated silicon monoxide films have many established uses: They are employed for 
the protection of front-surface mirrors and as replica and supporting membranes for examinations in the 
electron microscope and diffraction camera. But little quantitative information is available on the optical 
properties of such films. This is largely due to the difficulties experienced in obtaining true silicon monoxide 
films as distinct from silicone dioxide films. The authors report experiments aimed at preparing true silicon 
monoxide films and at an evaluation of their optical performance in all parts of the spectrum ranging from the 
ultra-violet to infra-red. The films were deposited on a rock-salt or fused-quartz substrate and their reflectance, 
oO transmittance and thickness measured. On the base of the values obtained the refractive index » and the 
absorption coefficient k were determined. The methods employed for the determination of and & are described 
in detail. Determinations in highly absorbing regions were complicated by the effects due to the presence of 
the second, unfilmed substrate surface and required the introduction of the concept of an opaque coating which 
eliminates all transmission. The evaporation was carried out in a bell jar, 12 inch. in diameter and 24 inch. 
high, at pressures not exceeding 1 x 10-°> mm. Hg. The distance evaporation source-substrate was 18 inch. 
The deposition rate was 10-14 A/sec. The thickness of the films varied : For measurements in the ultra-violet 
it ranged from 33 to 400 millimicron and for infra-red measurements from 125—1,950 millimicron. Reflectance 
or transmittance measurements between 200 millimicrons and 2 microns were carried out with a modified 
Beckman spectrometer and in the infra-red with a Baird double-beam spectrophotometer. Thicknesses were 
determined by multiple-beam interferometry. Plottings of transmittance and reflectance of silicon monoxide 
films showed strong absorption in the ultra-violet, itsedge extending into the visible and'a defined absorption region 
in the infra-red with its peak at 10 micron wavelength. The values of » and k computed on the base of the 
transmittance and reflectance measurements are given in a graph. The optical properties of silicon monoxide 
films can be modified by partially oxidising them. This is effected either by: baking the film in air after de- 
position or by allowing the material to take up oxygen during deposition. The latter effect is obtained normally 
by slowing down the deposition rate and leaking air into the chamber. Partially oxidised silicon monoxide 
films have better adhesion and durability than true silicon monoxide films and exhibit reduced absorption in 
the ultra-violet and visible region and a lower refractive index. In this case the latter is a function of the 
pressure and the deposition rate employed in the evaporation and, therefore, the use of partially oxidised 
silicon monoxide films offers the additional advantage that the refractive index of the deposit can be controlled 
within limits. For instance, films with a refractive index ranging from 1.55 to 2.00 in the wavelength region 
of 500 to 700 millimicron can be prepared satisfactorily. If a silicon monoxide film is oxidised completely, its 
thickness has grown by a value which gives an indication of the state of the material prior to oxidation. The 
ratio of the thickness of a silicon dioxide film to that of the true silicon monoxide film prior to the oxidation 
can be calculated and has the theoretical value of 1.35. The corresponding figure established by the measure- 
ment of a number of films prepared by the authors is 1.36+-0.03 which is considered proof that the silicon 
monoxide films prepared in these experiments were true silicon monoxide films. The authors conclude the 
© article with a discussion of the effects of decomposition of silicon monoxide films and certain aspects of their 


optical performance when employed for mirror protection. Article by G. Hass 
Sommaire: On présente des données sur les constantes optiques de couches d’oxyde de silicone dont les z rpm ee. 


longueurs d’onde sont de l’ordre de 0.24 4 14 microns. Les phenoménes d’oxydation et de décomposition sont 44, Mareh 1954 
aussi discutés. 181-187 


Optical Semi-Reflectors Suitable Methods and Materials 106/1 
See Abstract No.: 59/III 


The Use of Multilayer Films for Surface Topography Interferometry 


United Kingdom. An investigation is reported on the use of multilayer dielectric films in place of the con- 
ventional silver films for the examination of surface topography of metals and opaque bodies by multiple- 
beam interferometry. Multilayer films of the type in question can be prepared having a reflectivity as high as 
97%. Using second-order films the high reflectivity can be fairly sharply localised at one wavelength. The 
absorption does not exceed 2% and this fact offers the opportunity of increasing the ‘ sharpness ’ of the fringes 
produced in multiple-beam interferometers. Such films can be prepared for a variety of wavelengths. They 
are of high durability and, in contrast to silver films, of good corrosion resistance. The authors experimented 
with films prepared by the method of Dufour (1948) and consisting of alternative quarter-wavelength layers of 
cryolite (n= 1.36) and zinc sulphide (x =2.37) deposited on a glass substrate. It was found that the calculated 
reflectivities of 31, 67, 87, 94 and 97% for one, three, five, seven and nine layers respectively, could be obtained 
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in practice as long as film thickness was properly controlied during preparation. This reflectivity range is 
sufficient for most purposes. Due to the low absorption, especially in the case of a few-layer film, the visibility 
of the reflection fringes, appearing ‘ black’ on a bright background, is superior to that obtained with silver 
films. The reproducibility of the results is also improved. In experiments on the sensitivity of multiple-beam 

| fringes it was found that fringes in the blue at 4,000 A were quite as sharp as those given by silver at 6,000 A. 

The sharp localisation at the selected wavelength of the high reflectivity in second-order multiple layers (34 
thick), first reported by Banning, may be exploited in an adaptation of the interferometer method using a 
matching flat for examining the surface of a crystal or of a machined, distorted, scratched or etched metal. 
Fringes are first obtained with the correct wavelength. The light source is then changed to give a wavelength 
band for which the selected multilayer film is effectively transparent, so that a high-definition microscope 
image is obtained. In the contour method where evaporated silver films up to 500 A thick contour surfaces 
to within molecular dimensions, multilayer films give exact agreement with the silver values down to steps 
as small as 90 A and satisfactory contouring down to as small as 1/60th of the film thickness, although there 
is some ‘ edge effect ’. Control tests with a Linnik interference microscope showed that distortions may occur 
in the region close to the step edge but multi-layers can be used successfully in all cases where the specimen is 
of a lateral extension, at least three times its depth. 


Sommaire: On a étudié les emplois de pellicules réfléchissante multicouches de sulfure de zinc et de cryolite 
pour l’examen topographique de surfaces par la méthode de l’interferométre a faisceaux multiples. 


Shadow Microscopy for Measurement of Height 


United Kingdom. Reference is made to a shadow technique proposed by Tolansky (See Vol. ILI, Abstract No. 
105/1) for use in light microscope work which serves as a simple means for the determination of the height of 
small objects. The author of the present contribution points out that accurate height determination is difficult 
where the geometry of the particle measured is not accurately known. For instance, the plan position of the 
i peak of a dust particle may be unknown thus the length of the shadow thrown by the peak cannot be accurately 
determined. Experiments carried out with larger particles, 4-8 cm. in size, suggest that the best measure of 
height is given by S sin 9 where S is the distance ‘ mid-length of the particle to the shadow tip’ and @ is the 
shadow angle. The % standard deviation, o, of this estimate is defined by 20 (sin @)°*> for all values of 0 
between 10° and 30°. 
Sommaire: Une méthode préalablement proposée par Tolansky pour la mesure par la technique d’ombre de 
petites et grandes particules dans un petit microscope est commenteée. 


The Preparation of Thin Alpha Sources by Vacuum Sublimation 
See Abstract No. : 66/III 


Experimental Techniques in B-Ray Spectroscopy. II 
See Abstract No. : 35/IV 


Measurement of Spark Spectrum Intensities in the Vacuum Ultra-Violet with a Photomultiplier Sensitised to 
Fluorescence 


See Abstract No. : 90/I 


The Ultra-Violet Spectrum of a Diatomic Hydride Excited in Hydrogen-Potassium Fluoride Hollow-Cathode 
Discharges 
United Kingdom. The report describes experiments carried out in order to identify the emitter of a many- 
lined spectrum in the region 2,200 to 2,600 A observed in hollow-cathode hydrogen discharges in the presence 
of potassium fluoride. Identification could not be completed owing to the difficulty of reproducing the con- 
ditions of excitation. A high-temperature steel hollow-cathode was mounted at the bottom of a quartz tube. 
The cathode was designed to hold solids introduced for experimental purposes without danger of ejection by 
the discharge. The anode was made from nickel sheet and positioned about 4 cm. above the cathode. The 
latter had a hole in the centre permitting light from the cathode to pass and to be directed into a spectrograph. 
| A d.c. discharge was employed, run at 1,200 V and 0.2 to 0.5 A. The pressure was maintained between 1 and 
5 mm. Hg. The cathode was allowed to run red-hot. A 50:50 mixture of freshly dried potassium fluoride and. 
hydrogen-potassium fluoride was placed in the cathode. Initially the discharge was run at low pressures and 
| exposures were taken when the cathode glow had turned a reddish-grey. The iron arc spectrum was used as a 
i reference. Attempts made to find a reliable strong source in order to produce the corresponding deuteride 
spectrum from which it would be possible to derive the mass of the emitter were unsuccessful. No discharges were 
found to produce the spectrum, if fluorides were absent. Analysis of the spectrum obtained showed that the 
bands were due toa ’=-’= transition and from a calculation of combination differences between the pairs of P and 
R branches picked out it appeared that the bands formed a v!'=constant progression, the upper-state level being 
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v'=0(. This analysis was supported by the results obtained in calculating the rotational constants of the upper 
state from averages of the combination differences R (J)—P (J)= A. F' (J) of the five bands observed. These 
calculations were extended to cover the lower-state rotational constants and band origin and the complete 
results are given in a table. The results of the calculations made it appear probable that the emitter is a 
hydride of a first-row element in the periodic table. Also, calculation of the interatomic distances from the 
results showed that the emitter must have been relatively weak. Finally the disappearance of the spectrum 
after several experiments suggests that the emitter was an impurity present in the initial runs. Discrepancies 
between observed and calculated positions of the last two or three lines in each band indicated dissociation. 

Sommaire : Un spectre multi-lignes dans la région de 2,200 a 2,600 A a été obtenu dans une décharge de cathode 
cylindrique sous hydrogéne en présence de fluorure de potassium. Des détails sont donnés sur un procédé 
expérimental employé dans le but d’identifier la partie émittrice. 


Radiocarbon Dating 
See Abstract No. : 98/III 


Apparatus for Fractional Sublimation at Normal or Reduced Pressures 
See Abstract No. : 94/III 


16 — CHEMISTRY — 16 


High Vacuum Fractionation with Falling-Stream Still 
See Abstract No. : 92/III 


On the Rate of Decomposition of Diffusion Pump Oil 
See Abstract No. : 45/II 


Torpidity of Stirred Phlegmatic Liquids 
United States. In view of previous results of investigations into torpidity phenomena it can be assumed that 
a liquid evaporating in a vacuum issues different quantities and compositions of vapour dependent on whether 
the surface is expanding or contracting during the process. This effect was further investigated in a new series 
of experiments, employing a submerged rotating magnetically controlled 8-speed stirrer. The liquid was pushed 
against, or pulled away from, a knife-shaped barrier extending radially into the liquid charge. Vapour emission 
under the various experimental conditions was measured by means of a probe consisting of a small fan and 
tachometer located on the observation side of the stirrer-barrier. A thermocouple element was provided to 
measure the surface temperature of the liquid. Attached to the evacuated evaporation chamber of 20 cm. 
© diameter was a purification train which served to purge the various liquids as required. The liquids investigated 

were 2-ethyl hexyl phthalate (EHP), 2-ethyl hexyl sebacate (EMS) and stanolind white oil (SWO). The effects 
of (a) purging the liquids, (b) re-admitting the heavy residue collected in the purification train to the charge 
and (c) re-admitting the light volatiles (collected in the freezing trap of the vacuum system) to the charge, on 
the performance of the liquids have been studied. A typical series of readings obtained in the experiments for 
a charge of 1.75 litres of liquid is shown in a table partly reproduced below : 


Emission Pressure of Crude and Purged Ethyl Hexyl Sebacate over Extended Period of Time 
Emission Vapour Pressure, Micron Hg 


Liquid Unpurged Purged Av. Residual 
Temp., Pressure, 
wf of 4-Pull | 7-Pull | 4-Push | 7-Push | 4-Pull | 4-Pull | 4-Push | 4-Push | Micron Hq. 
‘ 22 hrs. | 220 hrs. | 23 hrs. | 222 hrs. 
110.0 2.0 Li 1 1.6 1.85 1.85 1.5 1.6 0.1 
120.0 5.0 4.25 3.1 3.95 4.4 4.5 4.5 4.4 - 
130.0 8.8 8.0 5.4 7.0 8.1 11.5 8.8 6.5 -- 
140.0 20 16 10.5 13. 18 - 21.5 19.5 16 0.2 
150.0 42 33 17 21.5 37 44 42 34 0.3 
160.0 64 59 29 31 70 _ 70 60 0.6 
170.0 102 102 44 130 123 


The stirring speeds referred to in the above table are given as follows: Stirver setting 4 :—22 r.p.m., approx. 
speed of torpid surface—4 cm./sec. and of working surface—4.4 cm./sec. : stirrer setting 7 :—62 r.p.m., approx. 


Article by 
RK. F. Barrow & 
A. D. Caunt 
Proc, Phys. Soe. 
67A, Jan. 1954 
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speed of torpid surface—12 cm./sec. and of working surface—12 cm./sec. The nature and results of the various 
experiments are summarised in general terms as follows: Exp. No. 7: Push and pull vapour emissions from 
crude phthalate, showing hysteresis. No. 2: Variation of emission during temperature change; pull emission is 
greater than push for crude phthalate. No.3: Same as Experiment 2; changes of emission on successive runs. 
No. 4: Changes of emission during purging of phthalate. No. 5:. Trap volatiles returned to purged phthalate, 
without effect on vapour emission. No. 6: Heavy residue returned to phthalate induces torpidity on push- 
stirring. No. 7: Crude sebacate shows no visible torpidity and only small variations in vapour emission. 
No. 8: Emission of sebacate increases during purging. No. 9: Sebacate does not show stirring hysteresis. 
No. 10: Crude white oil is not torpid when well degassed. No. 77: Crude white oil shows no push-pull 
hysteresis. No. 72: Purged white oil shows no push-pull hysteresis. No. 73: Trap volatiles restore torpidity 
to white oil. No. 74: Light fraction restores torpidity to white oil. No. 75: Oxidised residue restores torpidity 
to white oil. No. 76: Cox charts of experiments 11-15. The outcome of the experiments requires a revision 
' of the interpretation of torpidity held in the past. It now appears that the torpid surface is a relatively standard 
I entity whereas the working surface has an emissivity varying according to, and controlled by, its. composition 
; and ambient circumstances. The new concept assumes the presence of diffusion layer elements with a fixed 
emissivity on the surface. These elements can only be destroyed by burial under the surface. Accordingly, 
where the working surface loses its capacity of burying the diffusion layer elements, aggregation of these 
elements occurs, developing in the extreme case into gross torpidity covering the whole of the surface of the 
liquid. 


Sommaire : On fait un rapport des expériences plus poussées sur des phenomeénes de torpidité a la surface de 
liquide s’évaporant, qui tend a modifier la conception préliminaire hypothetique des parties torpides des 
surfaces. 


Article by 
K. C. D. Hickman 
Industr. Engng. 
Chem. 
46, Jan. 1954 


45-52 


The Relation of Lignin, Cellulose, Protein, Starch and Ether Extract to the ‘ Curing ’ of Range Grasses 
See Abstract No. : 80/I 


A Small Drying Apparatus Designed for Preservation of Viruses 
See Abstract No. : 27/IV 


Some Aspects of Micro-Moisture Determination 


United Kingdom. A description is given of an absolute method of moisture determination. Moisture is 
evaporated from the sample under vacuum in a closed system, and the resulting rise in pressure due to the 
released water vapour deflects one arm of an oil manometer and is measured on a scale calibrated from 5 to 120 
micrograms. The method has been used to investigate: The effect of temperature on the drying rates of 
material during the last stages of vacuum dehydration; the rate of moisture absorption of freeze-dried materials; 
the diffusion of water through various elastomers to find one suitable for stoppering bottles containing freeze- 
dried material; the rate of plastic dehydration under vacuum, and the efficiency of desiccants to determine the 
relationship between the moisture absorbed and the resulting water vapour pressure. A table is included which 
gives times for moisture determination at room temperature of a range of typical materials, also a table giving 
comparative results between tests made with the above method and a vacuum oven method. 


(Author) 


Sommaire : Une description est donnée d’une méthode absolue de la détermination de la teneur en eau. 


Discussion on the Survival of Tissues at Low Temperatures. The Use of Glycerol for Preservation of Living Cells 
at Low Temperatures 


United Kingdom. Though most living cells do not survive freezing and thawing, it has been known for some 
years that certain organisms could be satisfactorily stored frozen. The conditions of freezing and storage vary 
from one type of material to another, some requiring partial or complete desiccation. Rapid freezing, to suppress 
the formation of ice crystals, has also been found beneficial for preservation. Following the accidental discovery 
that glycerol protected the spermatozoa of the domestic cock against the otherwise fatal effects of freezing, 
investigations have shown that glycerol solutions can be used to protect many other types of cell, tissue and 
organism. The results of some of these investigations are given. The composition of the medium into which 
the glycerol is incorporated, the rate of addition of glycerol, the rate of cooling and the temperature of storage, 
all affect the survival rate and so each material must be considered separately. Slow cooling is generally 
essential and after thawing, degeneration usually takes place faster than with fresh material. In one particular 
experiment glycerol-treated frozen bull semen, stored at —79°C for periods up to 1 year, gave a conception rate 
of 65% after artificial insemination while freshly collected semen gave a rate of 68%. This method of preserva- 
tion which is employed all over the world has many economic advantages and has made possible the global 
transport of semen. 


Sommaire: Des recherches ont montré que les solutions de glycérol peuvent étre employées pour protéger 
beaucoup de types de cellules tissus ou organismes soumis a la lyophilisation. 
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The Electron Microscope in Biology 
See Abstract No. : 65/II 


The Medical Research Council Linear Accelerator and Cyclotron 
United Kingdom. Details are given on the installation and performance of the 8 MeV travelling-wave linear 
accelerator now in use at Hammersmith Hospital, London. The treatment room housing the accelerator has 
concrete walls 4—6 feet thick and is accessible via an indirect corridor with concrete walls. The patient is 
observed by the operator at the control desk through a periscope. The technical details of the accelerator 
have been given previously (see Nature 171, (1953) 297). The 3—metre accelerating tube is suspended from 
the ceiling and the electron beam passes into an X-ray head where an electromagnet deflects it through 90° 
before striking the gold transmission target. The X-ray beam can be collimated to a maximum diameter 
of 26 cm. at a distance of 1 metre from the target by means of tungsten-copper alloy blocks containing a conical 
hole. An adjustable diaphragm system consisting of 4 three-inch thick tungsten-copper alloy blocks facilitates 
the provision of a treatment field varying from 4 to 20 cm. square. The normal target-skin distance is | metre. 
Pointers on the X-ray head indicate the points of entry and exit of the beam on the patient’s skin. By rotation 
of the X-ray head, vertical displacement of the floor (up to 5 ft.) and horizontal movement of the treatment 
© _ couch, the position and angle of the beam on the patient can be adjusted. The high intensity of the output of 
the accelerator equalling 100-200 rad/min. (1 rad=100 erg/g.) reduces the treatment time per patient to two 
minutes. The 8 MeV machine gives greater penetration than the 2 MeV machine (the so-called cobalt unit) 
and the conventional 200 kV X-rays. Both supervoltage radiation machines (8 MeV and 2 MeV) show a 
build-up of intensity at 2.0 cm. and 0.5 cm. depth below the skin respectively. This is due to the fact that the 
secondary electrons, which are essentially responsible for the ionisation, are mainly projected in the direction 
of the incident beam and have a range increasing with the voltage. As far as is known high energy X-rays have 
no biological effects different from low energy rays but skin reaction is reduced and bone absorbs less than soft 
tissue, lowering the risk of bone necrosis. A 45-inch cyclotron is under construction in the same building. 
The purpose is to facilitate investigations into the effects of neutrons on living and inert matter. It will also 
be employed for the production of radioactive isotopes which have to be used immediately they become Article by 


available because of their short life. C. A. P. Wood & 
G. R. Newbery 


Sommaive : Des détails complets sont donnes sur l’accélérateur récemment installé al’ Hospital d’ Hammersmith, Nave 
Londres, pour la thérapie 4 rayons X. Quelques renseignements sont aussi donnés sur un cyclotron que l’on 173, 6.2.1954 
233-235 


construit dans la méme localité. 


124/1 


An Evaporated Carbon Replica Technique for Use with the Electron Microscope and its Application to the Study 
of Photographic Grains 


See Abstract No. : 69/II 


Microstructure of Paint Films 
United States. The data so far made available by research on the physical properties of paint and paint 
constituents have only in part assisted practical problems. It appears that the reproducibility of the appearance 
of paint films for instance, can only be fully explored by obtaining more knowledge of film structure. A suitable 
O means of investigating film structure is the microscope and it is the object of this article to report on the 

uses of the electron microscope technique in obtaining qualitative information (a) on the structure of the 
resinous binder which has micromolecular dimensions, (b) the arrangement of pigment in the film 7.e. a study 
of the extent of flocculation, sedimentation etc. and (c) the structure of both air and adhesion interfaces of the 
films. The instrument used in this study was an EMU-2 RCA electron microscope. The transmission technique 
was used. One difficulty is presented by the fact that direct viewing of the film specimen in the instrument is 
only useful for film thicknesses up to 0.2 micron whereas the normal paint film has a thickness of 25 micron 
or over. This has been overcome by the development of two replica techniques which have proved satisfactory 
to some extent. First is the so-called silver silica technique. The paint specimen is coated with a silver film 
by vacuum evaporation. Subsequently a coat of polyvinyl alcohol is applied to the silver surface and allowed 
to dry. The composite film is then stripped from the specimen and the negative of the replica vacuum coated 
with silica. Finally the polyvinyl alcohol and silver coating is dissolved by acid treatment leaving the trans- 
parent and clean silica replica which is suitably shadowed with chromium in vacuum. The second method is 
the polyvinyl-silica technique. In this case the polyvinyl alcohol is applied to the first film negative directly 
by means of a dilute aqueous solution, dried, stripped from the specimen and vacuum coated with silica. Finally 
the polyvinyl alcohol film is dissolved away in water and the silica replica chromium shadowed as before. The 
former technique has an exceptionally fine resolution but the latter is good enough for the tracing of structural 
items which are no smaller than 0.02 micron, 7.e. it is useful for normal pigment structure investigation. Both 
techniques can be applied to the air and adhesion interface of the film. To strip the latter from the substrate 
(tin), the tin plate supporting the film was dissolved electrolytically by making it the cathode versus a platinum 
anode in 0.25° sodium carbonate solution and applying a direct current of 1 to 2 A at about 40 V. Stripping 
by this method takes about 1 minute. These techniques were applied in the preparation of electron-micrographs 
to investigate the causes of lustre and gloss variations in the surfaces of white enamels containing 17% titanium 
dioxide by volume and 38% titanium dioxide alternatively. In the former enamel the crowded pigmentation 
seemed to account for the surface roughness which caused diffused scattering of light whereas in the case of the 
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second enamel with a low pigment concentration the presence of an overlay of clear binder at the air interface 
could be noticed. However it was found that pigment-volume concentration is not the only contributory factor 
to lustre variation. The experiments proved the influence of flocculation and sedimentation properties of the 
pigment. It appears that small flocculates, when wetted by the vehicle, will settle near the adhesion interface 
at low pigment concentration as long as the time allowed for film formation facilitates settling but the larger 
flocculates will concentrate near the air interface. Thisis assumed to be due to the fact that they are not wetted. 
Fine textural differences in the film surface producing a variation in lustre on films of identical composition 
appear to be caused by floatation of pigments. In conclusion the authors record observations made during the 
electrolytical stripping of the paint film from the substrate. Stripping was found to be more difficult in some 
places than in others and it is suggested that this phenomenon may be worthwhile following up in order to 
explore adhesion properties of paint films more fully. 


Sommaire: Des pellicules de peinture ont été examinées au microscope électronique. On donne des détails 


sur les différentes techniques de réplique developpées pour ces recherches. 


17 — METALLURGY — 17 


An Apparatus for the Determination of the Solidus Temperatures of High-Melting Alloys 
See Abstract No. : 87/III 


Thermal Diffusivity of Metals at High Temperatures 
United States. 


The thermal diffusivity (k) and conductivity (A) of a material are related by A =fcp where 
c is the specific heat and p the density. Angstroem developed a method for the determination of k. A semi- 
infinite rod is fitted with a heat source at one end which emits heat in periodic pulses. At a given distance in 
the rod the velocity of the propagation of the heat oscillations and the decrements of the amplitudes of the heat 
pulses are measured and give a measure of the diffusivity. In the present experiments the periodic changes of 
the heat emission were sinusoidal to facilitate accurate determination of these quantities. The original method 
requires considerable time for the determinations with the attendant danger of causing errors in the experiment 
resulting from surface reactions occurring during the experiment due to annealing, for instance. Therefore, 
the authors modified the original Angstroem method so that velocity of propagation of heat and decrement of 
the amplitude of the sinusoidally changing heat pulses could be measured in one run for a single period. The 
samples of the materials tested by the authors had a length of 50 cm. and a diameter of 4 inch. The sample 
heater, a small resistance heater element, was fitted loosely into a hole bored in the rod. An input of $ watt 
to the heater produced a temperature variation of about 1°C at a point in the rod about 3.5 cm away from the 
heater. Details of the electrical circuitry employed are given. To facilitate the measurements, two thermo- 
couples were placed into holes drilled into the rod, at a distance from each other sufficiently large to permit the 
determination of the time the heat pulse required to travel between the two thermocouples. The heat source 
was a few centimetres away from the nearest thermocouple. It is of importance for the success of such measure- 
ments that the ambient temperature is rigidly controlled at a stable value and any variation must not exceed 
the amplitude of the heat pulse at the thermocouple furthest away from the heater, 7.e. in the present experi- 
ments it could not be allowed to vary by more than }°C. For that reason all measurements were carried out 

O with the sample positioned in a furnace evacuated to 10-* mm. Hg. The furnace was water cooled and its 
temperature was rigidly controlled manually or automatically. Radiation shields were used to prevent heat 
loss of the sample. Before an experimental run was started the sample was placed into the furnace, the furnace 
was evacuated and time allowed for temperature equilibrium to be established. Then, the output of each 
thermocouple, which was amplified and charted in a recorder, was calibrated. Subsequently the heater was 
switched on emitting sinusoidal heat pulses. After equilibrium conditions had been reached the output of the 
thermocouple nearest to the heater was recorded for several cycles and subsequently the output of the other 
thermocouple. The amplitudes recorded on the chart for each thermocouple were converted into voltage 
amplitudes with the help of the calibration data previously obtained and the ratio of the voltage amplitudes of 
the two thermocouples represents the amplitude decrement to be determined. From the same record the 
velocity of the temperature pulse as it passed between the two thermocouples could be found. From both these 
determinations the diffusivity of the sample under test could be calculated. The author determined thermal 
diffusivities for copper, nickel and thorium in the temperature range of 30° to 500°C by this method. The 
results are shown in graphs and are in good agreement with values calculated from data already available on 
conductivity, specific heat and density. 


Sommaire : Une méthode d’Angstroem modifiée pour le mesure de diffusion spécifique et de conductivité de la 
chaleur des métaux a été développée. Dés détails sont donnés sur le procédé experimental qui emploi le vide. 


Casting Titanium 
See Abstract No. : 81/III 
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The Oxidation of Titanium at High Temperatures in an Atmosphere of Pure Oxygen 
See Abstract No. : 83/III 


Critical Factors in Determination of Oxygen in Titanium by the Vacuum-Fusion Method 
See Abstract No. : 84/III 


The Significance of Hydrogen in Steel Manufacture 
United Kingdom. The presence of hydrogen in solid steel can result in reduced ductility. In order to facilitate 
a proper assessment of the effect of hydrogen in steel, a reliable method must be available for the determination 
of hydrogen content. The first method to give relatively reliable results is the vacuum fusion method developed 
between 1930 and 1940 and designed originally for the determination of the oxygen content. Details of the 
method are given. In this method the specimen of the steel to be tested is melted down. As successful determ- 
ination of hydrogen content by the vacuum fusion method presents some difficulty a method was developed 
which avoids the step of melting down the steel and is based on the fact that hydrogen is liberated fairly 
rapidly if steel is heated at temperatures ranging from 600 to 650°C. An apparatus operating according to the 
co-called vacuum heating method is described in detail. The dimensions of the sample required are }$ inch 
diameter and } inch in length. The sample is admitted to the evacuated glass system via a mercury air-lock 
and is manipulated into a silica furnace tube. The gases evolved are passed by means of a mercury vapour 
pump and a Toepler pump into a measuring system which utilises a palladium tube to separate the hydrogen 
from the gas mixture obtained in the test. Significant evolution of hydrogen from a sample of the dimensions 
given ceases after about one hour in this test and there is some doubt as to the completeness of the hydrogen 
liberated at such a low temperature but the result. obtained with the method have proved to be reproducible 
and truly comparative. The development of a reliable method for the determination of the hydrogen content 
of liquid steel also presents considerable difficulties. For instance the solubility of hydrogen in liquid steel at 
freezing point is considerably greater than that in the solid steel and this affects the reliability of the sampling 
method. A method, satisfactory in the view of the author, is the notched pencil test which is a development 
of the chilled pencil method. A spoon of clean fully deoxygenated metal is poured into the clamped mould, the 
mould is separated and the sample quenched in cold water. A piece between two notches in the cast pencil is 
then broken off giving a standard size test piece for the determination which is carried out in the vacuum 
heating apparatus described above. Values averaged from 40 determinations for the hydrogen content of 
various steels at tapping when produced by different steel making processes are given in a table reproduced 
below. 


Quality of Steel Hydrogen Content (ml./100g.) 


Basie Basie Acid Open 
Electric Arc High- Frequency Hearth 
Process Process { Process 


Carbon Steel 4.6 (4.6) 4.1 
nickel steel 4.7 4.1 
Ni Cr Mo Steel 4.7 ne 4.1 
1% Cr. Mo steel 4.8 a 4.2 
Oo 3°% Cr. Mo steel 5.5 (5.0) 4.6 
13% Cr. stainless... 8.2 7.4 
18% Cr. 8% Nistainless, ete. 10.3 8.8 _ 


The hydrogen histories of heats of steel and steel alloys are described and illustrated diagrammatically. In 
some heats, the action of excess hydrogen leaving the metal on solidification, results in the metal rising up in 
the mould but where this phenomenon is absent there may still be a hydrogen content too high for complete 
solubility, producing a porous ingot. The effect of hydrogen on the ductility of low alloy steel has been in- 
vestigated by introducing hydrogen into a steel sample in a high pressure hydrogenation apparatus. Results 
obtained on samples of solid 3% chromium-molybdenum steel during investigations by this method are shown 
in a graph proving a progressive reduction of ductility as the hydrogen content in the samples increased. 
Finally the author discusses the phenomenon of hair-line cracks. It is generally accepted today that hydrogen 
is partly responsible for the formation of such cracks and large forgings are kept at temperatures of the order of 
650°C for long periods to promote the evolution of hydrogen in order to avoid this phenomenon. 


Sommaire : Les effets de l’hydrogéne contenu en différentes quantités dans l’acier sont discutés, et les différentes 
méthodes établies pour determiner la teneur en hydrogéne sont décrites. 


Gas Content in Steel Metallurgy 

France. There are two principally different groups of methods available for the extraction of gases from steel : 
Chemical methods and physical methods using vacuum techniques. The present article deals with the latter 
group only and reports on the existing methods under two headings, methods of extracting the gases and 
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methods of analysing the extracted gases. The first part of the article is sub-divided into methods of extracting 
oxygen, hydrogen and nitrogen. Details are given of the oxygen extraction method developed by Chaudron 
and Moreau, Sloman’s apparatus and Chaussain’s apparatus. The main feature of all these methods is that the 
steel is heated to a temperature of 1,600°C under vacuum at which temperature it is known that all oxides are 
completely reduced. Hydrogen present in steel is not chemically combined with the metal; its extraction can 
be effected in various ways : (a) By volumetric measurement of the hydrogen liberated at ordinary temperature, 
(b) by applying a heat of 1050°C under vacuum, (c) by vacuum fusion at high temperature, (d) by ion bombard- 
ment, (e) by heat treatment at comparatively low temperatures (approximately 600°C). Methods based on the 
latter have been developed by Newell, Colbeck and Craven and Basticn. A short description of each of these 
methods is given. Nitrogen content can be determined by the vacuum fusion method but in the opinion of the 
author chemical methods such as the one devised by Rocquet-Olette give better results. In the second part of 
the article the author gives a short description of the following methods available for the analysis of extracted 
gases: The apparatus proposed by Lebeau and Damiens, Podbielniack’s method, the Nash method, and the 
mass spectrometer method. 


Sommaire: L’auteur décrit tout d’abord les appareils utilisés pour l’extraction des différents gaz : 
hydrogene, azote. Il étudie ensuite les dispositifs analyseurs 


oxygene 


16 Per Cent Aluminium-Iron Alloy Cold Rolled in the Order—Disorder Temperature Range 

United States. The aluminium-iron alloys are known to have sound magnetic properties and require no 
materials in critical supply for their production. But their development is retarded because in fabrication these 
materials show great brittleness. This applies in particular to the 16% aluminium-iron alloy. The present 
article reports details of a series of experiments, in the course of which 16% aluminium-iron alloy with good 
ductility and sound magnetic properties was produced and fabricated successfully. For the production of the 
material electrolytic iron was melted in a magnesium oxide crucible in a pressure-vacuum furnace of 30 Ib 
capacity. The pressure at the start of the melting was 200 but rose in the course of melting due to the liberation 
of gases. The molten iron was decarburised with wet hydrogen and subsequently deoxidised with dry hydrogen 
On completion of the hydrogen treatment the hydrogen was purged from the chamber with pure dry helium, 
followed by evacuation of the furnace to remove hydrogen dissolved in the melt. The aluminium was added 
to the melt after re-filling the furnace with helium. The material was cast into ingots of the dimensions 10 x 5 1 
inch. The first fabrication process was hot-rolling. The temperature was 1,000°C and the heat was applied to 
the slab one hour prior to the start of the rolling process. This temperature promotes the formation of large 
grains in the material. Hot-rolling was continued down to a thickness of 0.125 inch of the slab. The aluminium- 
iron phase diagram shows that 10-20% of aluminium alloyed to iron tends to order into an Fe,Al type lattice. 
Consequently it was decided to heat-treat and cool the hot-rolled material appropriately and then to cold-roll 
it at three different temperatures, 500°C, 550°C and 575°C. The temperature of 575°C is just above the order 
—disorder temperature range and has given the most satisfactory results in the experiments. Cold rolling at 
575°C can be continued down to a thickness of 0.007 inch. Photomicrographs of the end product show a highly 
fibred structure indicative of toughness and ductility. Special techniques are described which facilitate further 
reduction of thickness by rolling at room temperatures down to 0.0005 inch thickness. The magnetic properties 
of cold-rolled 16% aluminium-iron alloys after various heat treatments are shown in a table partly reproduced 
below. 


Magnetic Properties of Cold-Rolled 16 Percent All- Fe Alloys after Various Heat Treatments 


O Specimen Thickness of d.c. magnetic properties 
No. laminations 120 pm H. Br Bm? Heat Treatment 

1992 0.014 inch 1745 15 800} 0.104 3600 -- FH to 1,000°C—hold 2 hours. FC to 
600°C—hold 10 minutes. RC 

1992X 0.014 inch 2778 115 000} 0.024 4200 7600 FH to 900°C—hold 34 hour. FC to 
600°C—hold 10 minutes. Water quench 

2045 0.007 inch 4127 86 300 | 0.040 4000 T70 FH to 900°C—hold 1 hour. FC to 
600°C—hold 10 minutes. Water quench 

2045 X 0.007 inch 4158 77 800} 0.044 4000 8000 FH to 1,000°C—hold 2 hours. FC to 
600°C—hold 10 minutes. Water quench 


FH—heated with furnace. FC—cooled with furnace. RC—withdrawn rapidly from heat gone to front of furnace. 
Sommaire: On donne des détails sur la préparation d’un alliage de fer et de 15% d’aluminium, qui est faite 


dans un four a vide d’une capacité de 20 kg environ. 


A Remarkable Etching of Copper 
See Abstract No. : 


Magnesium Housings .. . Vacuum Impregnated 
See Abstract No. : 77/III 


Article by 
J. Amoignon 
Le Vide 
9, Jan. 1954 
1462-1469 


133/1 


Article by 
J. F. Nachman & 
W. J. Buehler 
J. Appl. Phys. 
25, March 1954 
307-313 


134/1 


Vacuum 


April, 1954 
Vol. IV No.2 


=. 
ol. 
4 
954 
| 
| 
te 
229 


VACUUM 
Classified Abstracts 


II — Vacuum Apparatus and Auxiliaries — II 


Abstract No. 
and References 


20 — PUMPS — 20 


High Vacuum Equipment 
See Abstract No.: 65/I 


Some Measurements on a High-Vacuum High-Speed Ion Pump 

United States. Construction and performance details are given of an ion pump which operates on the principle 
that the residual gas in a volume is ionised by electron impact and the ions such formed are removed by the 
application of electric or magnetic fields. The special feature of the ion pump described in this report is the 
provision of a reflecting cathode which effects efficient refluxing of the electrons. The electrons are emitted 
from a hot filament cathode positioned at one end of the tubular pump and proceed on tight helicoidal paths, 
due to the action of the magnetic field, through the discharge until they reach the reflecting cathode at the 
opposite end of the tube. Due to the action of the latter the electrons oscillate back and forth through the 
discharge until they have lost their energy by excitation and ionisation and are collected on the anode walls. 
The positive ions produced in the process have a comparatively low velocity and short mean free path. Asa 
result a positive space charge develops in the column which moves the ions towards the cathode. On arrival 
at the cathode ions may either combine chemically with the material of the latter or be neutralised at the 
cathode surface or finally pass the cathode and enter the fore vacuum system. The operating data of the 
pump are given in the following table: 


Operating Data 


(Air: 4,000 to 7,000 1./sec. 


Pumping Speed 
H, He, A: 2,000 to 4,000 1./sec. 


Ultimate Pressure in Centre Section 0.8 x 10-* to 5 x 10-* mm. Hg 
(inlet) (aire calibration) 

Discharge Voltage 300 to 400 V 

Discharge Current 10 to 20 A 


Cathode Power 4.5 kW 
(radiantly heated tungsten cathode) 


Cathode Life 3 to 4 weeks, continuous operation 


Magnet Power (Helix : 12 kW) 
(10 Solenoids : 20 kW) 


Backing Pressure 3 x 10-* to 10-? mm. Hg 


Total power Input: 42 kW. If the total power is reduced to 25 kW the central 
pressure will be at least doubled. 


The inlet for the molecules of the gas to be pumped is in the centre of the tube, where the pressure is about 
10-°mm. Hg. The pressure at the fore vacuum end is about 5 x 10-*mm. Hg. No fore vacuum pump is required 
for gas flows of less than 0.02 c.c./sec. N.T.P. except for the noble gases. The magnetic field collimating the 
discharge along the tube has a strength of about 1,300 gauss. In order to maintain the axial magnetic field in 
the centre region (inlet of the pump) an open wound water-cooled helix is provided in that area carrying a 
current of 5,000 A. Various aspects of the operation of the pump have been investigated. It was found 
difficult to maintain the discharge when pumping helium, neon and argon unless air was leaked in at the exit. 
The reason for this may be the production of neutral particles in the discharge by ion-electron recombination, 
Investigating the ion density in the column it was found that at a pressure of 10-* mm. Hg in the centre which 
equals 3.6 x 10-1 molecules/c.c. an ionisation of 99% had been obtained. For the particular geometry of the 
design used the optimum length of the pump was determined to be 10-20 inches on either side of the inlet 
region. In his conclusions the author discusses the difficulties which present themselves when relating ion pump 
performance to the performance of conventional pumping systems but suggests that the ion pump described 
compares favourably with a 32-inch. mercury diffusion pump with liquid-nitrogen baffles. 


Sommaire: Le réalisation et le comportement d’une pompe ionique expérimentale, 4 vide poussé et grande 
vitesse de pompage ont été étudiés. Les vitesses de pompage sont de 3,000 a 7,000 litres par seconde, et le vide 


maximum de 10-* mm. Hg. 
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Some Remarks on Ion Pumps 
Hungary. The working principle of ion-transport and ion-getter pumps is briefly discussed. The function of 
these pumps depends on the anode-cathode distance, the voltage, the current density, the condition of the 
cathode surface and the gaseous atmosphere. 


Sommaire : Le procédé de pompage des pompes a transport ionique ou des pompes getter ionique est briévement 
discuté. 


Some Theoretical and Experimental Observations on the Ultimate Vacuum Obtainable in Vapour Pumps 
See Abstract No.: 69/I 


The Theory of High-Speed Oil Diffusion Pumps 


United Kingdom. This paper is concerned with the action of the top jet of fractionating pumps in which all 
jet towers extend to the boiler. This jet is responsible for the high speed of evacuation at low pressures. The 
magnitude of the pressure gradient in the central tower which leads to the top jet, and the manner in which 
the vapour beam spreads as it moves outwards from the jet aperture affects the speed and can result in a 
substantial loss of speed. A first order theory is developed from which a relationship between the speed of the 
top jet and its aperture is established, and theoretical curves for the air speed of a 16-inch pump as a function 
of the radius of the central tower, which agree with experimental results, show that for maximum speed an 
optimum aperture exists. Smaller and larger pumps with central tower diameters determined from similar 
theoretical curves have a high efficiency and are able to produce vacua close to 10-7 mm. Hg without the aid of 
traps. The high ultimate vacuum together with the adequate speed of the subsidiary jets and the high limiting 
fore pressure of these pumps make them particularly suitable for use with particle accelerators. It was found 
experimentally that the optimum angle between the jet and the horizontal is about 45° and that for a particular 
arrangement the speed is almost independent of the width of the slit, from which the vapour beam emerges, in 
the range 0.3-0.6 cm. The discussion sets out the advantages of increasing the number of jets in 6-inch. or 
larger pumps, to four. 


Sommaire: Cet article est une étude théorique du mécanisme de travail des pompes a diffusion 4 huile. On 


discute aussi les difficultés rencontrées, pour obtenir de grandes vitesses de pompage avec l’hydrogéne. 


Correct Use of the Formula for Apparent Pumping Speed 
See Abstract No. : 


Improvements Relating to Vacuum Pumps of the Vapour Jet Type 
United Kingdom. In a conventional vapour pump each jet usually takes the form of a divergent annular 
nozzle fed by a central vapour tube, the pumped gas being drawn downwards between the outer edge of the 
nozzle and the surrounding pump wall. In the arrangement described here the annular nozzle is situated close 
to the pump wall and the pumped gas passes down through its inner periphery. The nozzle is fed with vapour 
by a lagged tube external to the pump and is designed so that the inner boundary of the jet converges to an 
apex in the centre while the outer boundary strikes the cold wall in the normal way. It is claimed that the 
hollow conical vapour stream so formed constitutes a barrier which largely eliminates the back-diffusion of both, 
vapour and entrained gas, from the region near the cold wall into the high vacuum side. 


Sommaire: La réalisation d’une pompe a injection équipee d’un injecteur produisant un jet conique de vapeur 
d’un type particulier est décrite. Ce systéme est dit, de réduire le risque d'un retour de vapeur et de 
Ventrainement de gaz dans l'appareil. 


High Vacuum Diffusion Pump 

United States. The patent describes a device for preventing displacement of the jet assembly of a diffusion 
pump during operation or in transit. It consists of a length of spring wire of such a size that its ends stretch 
across the inside of the pump body, provided at its centre with a loop which locates around a spigot projecting 
from the top of the uppermost jet cap. The loop is big enough to allow slight radial movement of the jet 
assembly, so that it may seat squarely on the base, but prevents the possibility of its lifting from the base. 


Sommaire : On décrit un systéme empéchant le déplacement de l'ensemble de l’éjecteur d’une pompe a diffusion, 
soit pendant le fonctionnement soit pendant le transport. 


Distillation System for Recovering Spent Pumping Oils 
See Abstract No. : 91/III 
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On the Rate of Decomposition of Diffusion Pump Oil 

Japan. Itis known that decomposition of ¢ne pump fluid may affect the ultimate vacuum obtainable by an oil 
diffusion pump. Decomposition of the pump fluid could be caused either by catalytic action of the construction 
material of the pump or by the gases evacuated from the vessel which is pumped. The author studied this 
problem by practical experiment employing the pump fluid silicone DC-703 and n-dioctylhexahydrophthalate 
for the test. The rate of decomposition was measured by a specially developed flow meter which had a sensitivity 
of 6x 10-8 litre micron/sec. Details of the construction of the flow meter are given. The flow meter was 
positioned between the diffusion pump and a specially designed apparatus which was partly inserted in an oven 
to facilitate the collection of gaseous decomposition products for the period necessary to obtain a quantity large 
enough to produce an indication on the flow meter. It was found that the rate of decomposition is of the order 
of 10-* litre micron Hg./sec. per sq. cm. of surface for both types of oil. A slight catalytic effect could be 
traced in the case of the ester. No effects could be observed from the flowing gases while pumping hydrogen, 
oxygen, air and water vapour. The results obtained by the author suggest that the ultimate vacuum of the 
pump operated with either fluid should be in the region of 1 x 10-7,micron Hg. 

Sommaire: On a étudié, pour les pompes a diffusion a huile, des huiles silicones et de phthalate dans le but de 
savoir si ces huiles contiennent des produits de décomposition, et si ces derniers reduisent ou changent le vide 
maximum pouvant étre obtenu. 


The Ultimate Vacua of Two-Stage Rotary Oil Pumps 
See Abstract No. : 70/I 


How to Check Your Jet Utilities 

United States. Data has been collected from various published sources on the steam and water requirements 
of vacuum ejectors. Such information can provide a basis on which to estimate the merits of choosing ejectors 
or other equipment for a specific operation, leaving final design and performance guarantees to the manufacturer. 
Both condensing and non-condensing ejectors having up to four stages are discussed. Selections from the 
tabulated data are shown below. The type of jet is indicated by checking off the number of stages and the 
intercondenser arrangements. Stage one is nearest the process space. 


Ejector Steam and Water Requirements 


Lb. Steam per 
Lb. Mixture 
Type of Jet Lb./ Psigq. Lb./ As As 


Capacity 
Steam 


No. 1 


Non-Condensing 


G0 


~ 


Condensing 

2 
x 
x 


oO 


It is seen that the right-hand figure gives the unit weight of steam required to remove unit weight of load, the 
figure being amended, where necessary, to correspond to a steam supply pressure of 100 psig. In the case of 
condensing jets allowance is also made for the presence of non-condensables in the load. No correction is made 
for the composition of condensable vapours but information on this would be needed for actual operation. It 
is also shown that in the case of condensing jets the steam requirements are affected by the precise location of 
the condenser between the stages. Steam supplies lower than 100 psig are not suitable as they involve high 
steam requirements and possible unstable operation. For low processing pressures condensing jets are the more 
economical, but non-condensing ejectors are useful for pressures above 100 mm. Hg. Three-stage ejectors are 
particularly useful for quick pumping. Water consumption is based on the use of barometric condensers. It 
is necessary that the temperature of the inlet water should be low enough to condense the vapours and where 
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the condensable vapours have a low vapour pressure, chilled water may be required. Surface intercondensers 
require more water but are useful where height is limited or where the condensable vapours must be recovered 
undiluted. To illustrate the application of the information provided in graphical form, steam and water 
consumptions are calculated for a process to be run at an absolute pressure of 6 mm. Hg with a load consisting 
of 10 lb. of air, 5 Ib. of steam, plus 12 1b. per hour of alcohol vapour. Motive dry steam can be supplied at 125 
psig and the cooling water may have an initial summer temperature of up to 80°F. For such a case it is 
calculated that about 275 lb./hr. of steam would be required and water consumption would be 19-20 gal./min. 
Sommaire : Afin d’aider les chimistes dans le choix judicieux de pompes pour des travaux donnés, une liste de 
différentes types d’éjecteurs, donnent leur consommation, est fournie. 


A Simple Electrical Control for Automatic Toepler Pumps 


United States. Toepler pump control units are available on the market but usually are of a design which 
requires high glass-blowing skill to effect repairs, etc. A control unit fabricated in the laboratory from standard 
parts and requiring little skill for its construction is described. Essentially the unit consists of a flask (closed 
with a rubber stopper) which has a pipe connection to the piston of the Toepler pump. This communicating pipe 
is filled with mercury and the rise and fall of the mercury in the reservoir causes a corresponding fall and rise 
of the mercury in the piston of the Toepler pump. A pipe passing through the stopper connects to a mechanical 
vacuum pump and carries an air leak which can be opened and closed by electrical relay action. The relay 
action is controlled by an electrical circuit, details of which are given, which in turn is controlled by the changing 
level of the mercury in the flask. Two wire electrodes connected to the electrical circuit are passed through the 
stopper and project into the flask at different lengths. The joint lead of the two relay circuits also projects into 
the flask but is insulated against the mercury by a sleeve and its tip is permanently in contact with the mercury 
irrespective of its level in the flask. Under the action of the mechanical vacuum pump, the mercury in the flask, 
in contact with one electrode (air-leak closed), rises until it reaches the short electrode, whereupon the other 
relay opening the air-leak is actuated. This stage signifies the end of the suction stroke of the Toepler pump. 
Consequent to the admission of atmospheric air through the leak the mercury level in the flask is lowered 
producing a reciprocating stroke in the Toepler pump. This motion continues until the mercury level in the 
flask has been lowered to a point where it is no longer in contact with the longer electrode. At this stage the 
air-leak is closed and the cycle of operation is repeated. The special advantages claimed for this arrangement 
are: 1. The control electrodes are not on the vacuum side of the Toepler pump, 2. No metal-to-glass seals are 
required. 

Sommaire : On décrit un simple contrdéle électrique, poyvant étre fabriqué en laboratoire, qui facilite le travail 
automatique des pompes Toepler. 


21 — GAUGES — 21 


A Survey of Gauges for Measurement of Low Absolute Gas Pressures 
See Abstract No. : 63/I 


Measurements of Vapour Pressures. Some Problems on Vacuum Techniques 


See Abstract No. : 89/II 


Measurement of High Vacuum at Low Temperatures 


United States. Calorimetric measurements at liquid helium temperatures require adiabatic conditions such 
that the thermal influx to one mole of sample is less than one erg per second. Adiabatic demagnetisation 
experiments often require a heat influx ten times less than this. This order of thermal insulation calls for a 
vacuum between bath and specimen of the order of 5 x 10-°° mm. Hg and 5 x 10-!® mm. Hg respectively. The 
measurement of these pressures must, of necessity, be carried out by a gauge at room temperature connected 
to this region by a pipe, along which there will be not only a pressure gradient due to the thermolecular effect 
but also a concentration gradient of helium. This precludes the use of a convertional ionisation gauge which 
under such conditions would record pressures of the order of 10-* mm. Hg (mainly air pressures) and a gauge 
capable of measuring partial pressure of helium is therefore essential. For these reasons a helium mass spectro- 
meter leak detector is used as a backing pump for the diffusion pump evacuating the insulation space. The 
spectrometer is initially employed to check the region for leakage in excess of 5 x 10-* micron litres per second 
(at room temperature) and can be calibrated by means of a calibrated leak. It then serves as a kinetic vacuum 
gauge, i.e. the pressure at the source P, is given by the throughput Q, measured at room temperature by the 
spectrometer and the equivalent room temperature speed S, defined as Sy= Q;/P,. Assuming (a) molecular 
flow (b) a tubulation long compared with its diameter (c) a small gradient of P/ T4, the basic equations of 
the thermomolecular effect are used to show that Sy may be directly computed from : 


4 (20rRT;,)* 
Ty 


n-1 lj 


i=laj? 
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where M is the molecular weight, R the gas constant per mole, 7, and T the room and cold end temperatures 
respectively, / and a length and radius of ith member of tubes in series forming the tubulation. The authors 
report an experiment with a brass calorimeter of ~50 cm? surface and with a helium bath thermostatted at 
1.40°K, to the can of which helium gas was admitted at a pressure of 2x 10°? mm. Hg for thermal exchange. 
This exchange gas was pumped by a pump of 20 1./sec. (room temperature) speed and in 10 minutes a pressure 
of 10-7 mm. Hg was reached and 10°§ mm. Hg in 1 hour. An ionisation gauge on the system indicated pressures 
in excess of 10-* mm. Hg during this time. ‘ Baking’ the calorimeter can by raising the bath temperature for 
a few minutes to 1.8°K and then returning to 1.4°K, lowered the pressure in the exchange region to 1 x 10-1° 
mm. Hg the minimum value detectable by the system. A similar result was obtained in an adiabatic de- 
magnetisation apparatus. At the sacrifice of an additional tubulation to the exchange space, the helium mass 
spectrometer can be used statically with greater accuracy and without a knowledge of the tubulation dimensions 
other than that molecular conditions are ensured. The spectrometer is calibrated in terms of helium pressure 
Py at room temperature. TJ is then given by P=Py (T/Ty)t. The authors have used a commercial mass 
spectrometer leak detector for their experiments but suggest that a simpler type of mass spectrometer such as 
an omegatron might be preferable. 


Sommaire : On discute en général l’utilité d’un spectrométre de masse détecteur de fuites par l’helium, pour la 
mesure de trés basses pressious a la température de l’hélium liquide. 


A Simple Thermionic Vacuum Gauge 


United Kingdom. The relation between pressure and ion current in a conventional thermionic ionisation gauge 

ceases to be linear at pressures higher than about 10-3 mm. Hg and the useful lower limit is about 10-§ mm, Hg. 
In the low pressure region photo-electrons are produced by soft X-rays striking the cylindrical collector and this 
photocurrent is recorded as a spurious ion-current. A design of the gauge is described here which overcomes 
this difficulty in a similar manner to that suggested by Bayard and Alpert (Rev. Sci. Instrum. 21, (1950), 571) 
but the construction is simpler and the whole assembly can be enclosed in a smaller envelope. The wire collector, 
a straight piece of wire, 0.9 mm in diameter and 4 inch. long, is sealed through the side of the envelope while 
the cathodes and the anode are mounted on a four-element pinch. Two tungsten cathodes are fitted to be 
operated alternatively in order to double the working life. The anode looks like a little telegraph pole. It 
consists of a central nickel wire, 2 inch. long, and twenty-five transverse nickel wires of smaller cross-section, 
1 inch long, spot-welded on to the vertical wire at regular intervals. The assembly of the anode is simplified 
by the use of a jig which is described in detail. A suitable operating voltage between the anode and earthed 
cathode is 220 V. The sensitivity of the gauge at 10-* mm. Hg or less was found to be about 13 wA per p Hg 
per mA anode current. The limit of the new gauge is much lower than that of the conventional gauge. This 
limit has not been established experimentally but the gauge has been used for some time to record pressures 
down to 5x 10-* mm. Hg. 


Sommaire : On décrit une jauge thermionique a vide qui, par la forme de son anode, est simple et trés facile a 
fabriquer. 


Vacuum Evaporation Apparatus. A New Vacuum Valve and an Ion Gauge Protective Circuit 


See Abstract No. : 69/III 


Some Experiments with a Cold-Cathode Vacuum Gauge 


United Kingdom. The performance of the Penning gauge was investigated changing the anode voltage and 
varying the magnetic field strength. The particular gauge tested had a ring anode of 1} cm. diameter and a 
cathode spacing of 1} cm. The d.c. voltage applied could be varied up to 12 kV and the gauge current was 
amplified to facilitate measurement. In one series of experiments voltages ranging from 2 kV to 12 kV were 
applied and the magnetic field was changed from 600 to 2,600 gauss at a constant pressure of 1 x 10-§ mm. Hg. 
The gauge current was found to increase rapidly in the region of 600 gauss, reaching a maximum and then 
gradually falling off as the magnetic field strength was increased but in the case of 10 kV the current remained 
constant from 1,200 gauss upwards. At a magnetic field strength below the critical value of He the gauge 
indication was not stable and it is recommended to use strong magnetic fields, say 1,600 gauss. It also appears 
that 10 kV is a suitable voltage for the reasons given above. The calibration curve for the gauge run at 1,600 
gauss and 10 kV shows a linear characteristic between 10-* mm. Hg and 10-7 mm. Hg. At pressures above 10-4 
mm. Hg the curve is gradually flattening off. 


Sommaire: Divers facteurs controlant le comportement de jauge du type de Penning ont été étudié, en 
employant de nombreuses et differentes valeurs pour la tension d’anode et de champ magnetique. 


Temperature Distribution along a Wire Electrically Heated in Vacuo 
See Abstract No. : 93/I 


Thermal Diffusivity of Metals at High Temperatures 
See Abstract No.: 127/I 
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A Logarithmic Barometer 


United States. A mercury manometer used over a small range of pressures often requires some form of 
magnification of the movement of the mercury levels before accurate readings can be taken. A two-fluid 
manometer overcomes this difficulty by having a light liquid (say, a low vapour pressure oil) floating on the 
surface of the mercury, with the mercury-oil meniscus in a large-bore tube and the oil-gas meniscus in a 
narrow-bore tube. The arrangement has the advantage of a sensitivity up to twice that of an oil manometer 
and a barometric length little greater than a mercury manometer. An instrument, with high sensitivity in 
several different ranges, can be produced, by making the manometer limbs of varying diameters so that in the 
required ranges, the mercury-oil interface is in a wide section and the oil-gas interface is in a narrow section. 
Errors of reading due to the expansion of mercury and oil can be allowed for, by inserting a plastic bulb in the 
base of the manometer. The coefficient of expansion of the plastic bulb should be greater than that of mercury. 
If the instrument is to be used over a wide range of pressures, it is preferable to have the same accuracy over 
the whole range. This can be ensured by arranging for a logarithmic response and logarithmic response can be 
obtained by making the mercury-oil interface run in a suitably shaped tube, while the oil-gas interface remains 
the same diameter. A manometer constructed on these lines gave an excellent logarithmic response from 1 cm. 
to 20 cm. Hg but suffered from the disadvantage of outgassing at the mercury-oil interface. This trouble was 
overcome by pumping out overnight at the pressure at which bubble formation started. 


OQ Sommaire: On a developpé un barométre ayant une réponse logarithmique, dans un domaine étendu de 
pressions, au moyen de deux fluides et d’un tube variant en diamétre. 


U-Tube Manometer for Deferred Reading 


United States. Work on the determination of the friction factor of liquids flowing through small diameter 
tubing, required that all observations should be taken during a period of 30 seconds. Though this time was 
adequate for several mercury manometers in the system to come to rest, it was not long enough for the operator 
to read them all and complete his other duties. The manometers were therefore held at their levels for sub- 
sequent reading by inserting a commercial magnetic valve in the high pressure limb of each manometer and 
filling the space above each mercury surface with water. This water excluded air from the system and made 
the reading of the manometers independent of any variation in pressure following closure of the magnetic valve. 
Once the mercury levels had come to rest, they were locked in position by closing one switch which operated all 
the valves. The arrangement was also useful for damping out oscillations of the mercury columns by repeated 
opening and closing of the valves. This was particularly advantageous where high differential pressures across 
the manometers might otherwise cause the mercury to be ejected by uncontrolled oscillations. 


Sommaire: On décrit un arrangement consistant en un certain nombre de manométres & mercure, branchés ? 
un systéme de pompage, qui peuvent etre maintenus par l’opérateur a leurs niveaux obtenus, pour des lectures 
postérieures. 


Liquid Manometers with High Sensitivity and Small Time-Lag 


For measuring the velocity distribution in a boundary layer a small Pitot tube and a static 
hole are normally employed. The manometer used to measure the small pressure differences has to have a 
small time-lag, small rate of change of zero reading and high sensitivity. A suitable instrument is a null- 
reading manometer of the inclined-tube type with a movable reservoir and a magnifying lens for the observation 

O of the meniscus position. The range of measurement need not be greater than 2.5 cm. and this facilitates the 
use of a standard micrometer screw. This limits the accuracy of the instrument to a pressure difference 
equivalent to 0.0005 cm. of liquid. Using alcohol as the manometer fluid a velocity of 2 m./sec. in air of 
standard density can be measured to within 1%. A theoretical discussion of the principles of the design of such 
a manometer is given. The sensitivity of the instrument depends on the ratio of the cross-sectional area of the 
inclined tube to that of the reservoir. The inclined tube should have a diameter not exceeding 3 mm. The 
sensitivity depends also on the angle of the inclined tube to the horizontal. The change of zero reading depends 
indirectly on change of temperature as the latter affects the surface tension of the fluid in the tube. A per- 
missible practical value for the change of zero reading due to variation of surface tension is about 0.001 cm./°C. 
Similar information is given on the factors governing the time-lag. General advice is offered on how to construct 
a manometer of this type which is accurate to within about 0.0002 cm. of liquid. 


United Kingdom. 


Sommaire : On discute quelques problémes rencontrés dans la réalisation d’un manométre a reponse rapide et 
faibles changements du zero. 


22 — MEASURING PLANT (VACUUM) — 22 


Rapid-Operation Air Lock for Closed Vessels 
See Abstract No. : 82/II 
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Magnetic-Suspension Ultracentrifuge Circuits 

United States. A method is described whereby high-speed rotors can be supported and held in alignment in 
a vacuum chamber under the action of an electro-magnetic field. Disadvantages of friction and wear connected 
with the use of bearings are thus overcome. This magnetic means of suspension has been used for rotors which 
vary in weight from 25,000g to 5 x 10-°g. Speeds up to 50,000,000 r.p.m. are possible. The only limiting factor 
is the bursting strength of the rotor. Figures on bursting speeds obtained in work on spherical steel rotors are 
tabulated and partly reproduced below. 


Rotor 
diam 
mmm. 


Rotor 
speed 
in 


Peripheral 
speed in 
cm.p.s. 


Centrifugal 
acceleration 
in g 


Maximum 
calculated 
stress 
lb per sq. in. 


3.97 
1.59 
0.398 


4,420,000 
12,660,000 
48,000,000 


96,000 
105,000 
100,000 


47,100,000 
143,000,000 
515,000,000 


410,000 
498,000 
454,000 


To illustrate the technique, the author considers in detail the case of a high-strength cylindrical steel rotor 
0.5 inch long, ending in a cone at the top; and containing 6 flat 0.25-inch wide aluminised mirror surfaces, on 
its circumference. It spins at 20,000 r.p.s., while suspended inside a glass vacuum chamber, by the action of 
a magnetic field set up by a solenoid with automatic current regulation. The solenoid is fitted above the 
chamber. A small pick-up coil, coaxial to the rotor, is connected to a servo-circuit to maintain the vertical 
position of the rotor without hunting. The axially symmetrical diverging magnetic field determines the 
horizontal position of the rotor and ensures that no eddy currents are induced. Facilities are incorporated in 
the design for damping oscillations about the axis of rotation and no horizontal or vertical displacement is 
observed with a 50—power microscope when focused on scratches on the rotor. The inductance and resistance 
of the solenoid are approximately 20 henry and 1,000 ohm respectively. A number of different circuits may 
be used for supporting the rotor and one is shown, in which the pick-up coil is in the grid circuit of a tuned- 
grid-tuned-plate 5 me oscillator. The driving power is supplied through a separate circuit which feeds two 
pairs of coils situated outside the vacuum chamber and producing a rotating magnetic field. Details of the 
drive circuit are given. A piezoelectric crystal governs the oscillator frequency of the circuit and a phototube 
method is used to measure the speed of the rotor. Reference is made to methods of accelerating the rotor to 
its operating speed and of controlling and measuring its temperature. The glass vacuum chamber surrounding 
the rotor is evacuated to less than 10-6 mm. Hg and at this low pressure, friction is so small that the rotor 
speed increases freely until it spins at the frequency of the oscillator. Since the rotor is found to spin at 20,000 
r.p.s. with a constancy at least equal to that of the frequency of the piezoelectric crystal this particular applica- 
tion could be used for velocity of light measurements or to the study of short-time phenomena which give off 
light. If after reaching operating speed the rotor is allowed to coast, the observed deceleration is due almost 
entirely to residual gaseous friction even at pressures less than 10°° mm. Hg. Observations on an all-steel 
spherical rotor spinning at 300 r.p.s. showed a deceleration of about 1 r.p.s. in 4 days at pressures less than 
10° mm. Hg. Another use of magnetic suspension is in the vacuum-type ultracentrifuge where the rotor, 18.8 
cm. in diameter, carries a sector-shaped cell with a quartz window. Sedimentation of material can be effected 
and observed in the cell and hence the molecular weights of the substances examined can be determined. 


Sommaire : La fabrication et le comportement d’une machine ultracentrifuge ayant un systeme rotatif a grande 
vitesse, capable d’atteindre des vitesses jusqu’a 50 millions de tours par minute, sont rapportés. 


Experimental Techniques in X-Ray Spectroscopy. II 
See Abstract No. : 35/IV 


The Medical Research Council Linear Accelerator and Cyclotron 
See Abstract No. : 123/I 


Field Emission Current-Density Distribution 

United States. The current-density distribution of a hemispherical monocrystalline tungsten field emitter has 
been measured quantitatively by a method of densitometric analysis which offered improved means of evaluating 
the average current density, the field distribution and the work function for the various crystal faces. The 
values obtained by these measurements agree with those published more recently 7.e. 4.5eV for the average work 
function and 4.35eV for that of the most strongly emitting (310) surface. The emission patterns were produced 
in a modified Mueller projection tube at a screen voltage of 5 kV to 10 kV. The patterns were photographed on 
calibrated films and measured by an automatically operating densitometer. Details are given of the preparation 
and response of the screen aluminised by vacuum evaporation. An aluminium film, 1,000 A thick, was found 
to transmit 80% at 5kV. A 2,000 A thick film would transmit 50% at 10 kV and 10% at 5 kV. The lumines- 
cent screens employed were made of zinc silicate (Zn,SiO,: Mn 3% Sylvania 2281). The aluminium film was 
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first deposited on a nitrocellulose membrane which was stretched across the phosphor crystals and was later 
removed by baking in air. The presence of the aluminium film minimised ‘ sticking charges ’ on the phosphor 
and its excitation by sources other than the primary field electrons. 

Sommaire: La distribution de la density de courant sur la surface d’un émetteur de points en tungsténe 
monocrystaline a été mesurée. Les images furent observées sur un écran de phosphore métallisé 4 l’aluminium. 
On en discute les avantages et la fabrication. 


The Electron Microscope in Biology 


United States. Natural science depends for its data on the use of instruments which extend the range of the 

senses. Vision is the most useful sense, and telescopes and microscopes have assisted the human eye for a long 

time. Recently the electron microscope has extended the range of vision down to the larger molecules which 

| are Of particular importance in biology, and the paper discusses some of the applications of the ability to see 

macromolecules. Normal microscopes have a resolution of about 0.24 while the resolving power of the electron 

microscope is more than 100 times better than this, enabling particles only 5-10 atoms across to be seen. 

Magnifications up to x 150,000 may be used. This is achieved by passing electrons in a special form of cathode 

ray tube through magnetic fields which act aslenses. The electrons produce a pattern on the screen, determined 

Oo by the structure of the specimen. Electrons are easily absorbed. The specimen must therefore be thin (a few 

millionths of an inch), and must be mounted in the evacuated envelope of the tube. The substrate supporting 

the specimen often absorbs many more electrons than the specimen itself. As a remedy for the resultant lack 

of contrast the preparation is coated with a layer of heavy metal, a few atoms thick, by evaporation in vacuo at 

an oblique angle which produces a three-dimensional effect because of the atomic shadows cast by molecular 

and other detail. Examples of the types of study facilitated by electron microscopy are given. For instance, 

proteins, when purified, crystallise, a number of them forming spherical crystals, the growth of which can be 

observed through all stages. Other important crystalline and para-crystalline forms are filaments and fibrils. 

The study of fibrils present in connective tissue, for instance, may lead to a better understanding of diseases 

such as arthritis and rheumatism. Examination of healthy cells shows how the particles and cells are produced 

and developed, and provides a background for work on diseased cells. The author quotes from his own 

experience in virus research. In the case of the influenza virus, for instance, observations through the electron 

microscope have proved that the elementary infectious units have not grown by multiplication in the way other 
micro-organisms do but instead are bits of cytoplasm of the diseased cells. 


Les mérits et emplois d’un microscope électronique dans le domain biologique sont discutés en 


Sommaire : 
général. 


Electron Microscope Investigation of Glass 
See Abstract No. : 75/II 


Sudden Change in the Arrangement of Crystallites in Thin Evaporated Bismuth Films 


United States. A 100 A thick bismuth film of 220 ohm per square initial electrical resistance and 240 ohm per 
square final resistance (after the admission of air), Was observed in an R.C.A. Model E.M.T. microscope operating 
at 48 kV, 25uA and x 3,000 magnification. It is known to the author that such films, on exposure to the 

O electron beam of the instrument, show considerable activity in the form of a slight shifting of position of the 

granules, etc. for about 5 secs. This activity is never resumed but in the case reported here a second burst of 

activity of a similar nature was observed. Micrographs demonstrating the effects are shown in illustrations. 

The relative movement and rotation of the crystallites noted could be explained as an action of the electron 

beam forcing the crystallites to tilt with respect to their original position. Other workers are quoted in support 

of this explanation. It is suggested that the initial cause of the phenomenon is a temperature rise in the sub- 
strate resulting in substrate contraction or, alternatively, readjustments taking place in the film following 
stresses initiated by energy absorption. 

Sommaire : On fait un court rapport sur les observations faites sur l’effect des électrons sur des films de bismuth 

exposés dans un microscope électronique. 


Evaporated Carbon Films for Use in Electron Microscopy 


United Kingdom. An apparatus is described for the preparation of unsupported thin carbon film by the 
vacuum evaporation method. 20-—50A a.c is passed through two horizontally positioned lightly touching carbon 
rods of 0.5 cm. diameter placed in an evacuated chamber. A special method of monitoring thickness of the 
deposit is used. The thickness indicator is about 8 cm. away from the source and the target slide is about 
13 cm away. A thickness of 100 A on the indicator corresponds to a thickness of the deposit on the target 
=40 A. The carbon film is deposited on a substrate formed by Bedacryl 122X (I.C.1.) or boron oxide or 
glycerol, applied in diluted form to the slide prior to evaporation. After deposition the film is scored into small 
squares and removed quite easily from the slide by floating it on water. The substrate is now removed by 
recovering the squares from the water on a specimen grid with the substrate facing upwards. A few drops of 
methylated spirit are allowed to fall on the substrate and the surface of the resin film is allowed to dry. Then 
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the grid is held in a pair of forceps under a burette containing a 5% ether—50% acetone mixture which is run 
over the grid and washes away the backing. The method has also been adapted to the preparation of silica 
films by evaporation of silicon monoxide, but the latter films are not as strong as the carbon films nor as electron- 
transparent. 

Sommaire : On décrit une méthode du préparation de films de carbone sans supports, evaporés sous vide qui 
servent comme supports de spécimen dans un microscope électronique. 


An Evaporated Carbon Replica Technique for Use with the Electron Microscope and its Application to the Study 


of Photographic Grains 
United Kingdom. The method of preparing carbon films by vacuum evaporation described in Abstract No. 
68/II has been employed for the production of replicas of specimens of photographic emulsions for examination 
in the electron microscope. The emulsion was digested from the surface of the photographic plate with hot 
water and the suspension centrifuged at 3,500 r.p.m. for 15 minutes. After the gelatine and other soluble 
contaminants had been removed in this manner a few grains were placed on a slide and dried. Carbon was 
then deposited on the specimen in the manner described. A backing for the carbon replica was formed by 
dipping the coated specimen in 7% solution of Bedacryl (I.C.1.) in benzene and drying it subsequently. It was 
next scored into squares and floated off on to the surface of a solution of sodium thiosulphate in order to remove 
Oo the halide particles. The replica was then washed and mounted on a specimen grid. Details of the mounting 
procedure are given. Prior to use in the electron microscope the backing was washed away using a 50 : 50 ether- 
acetone mixture. Results so far show a resolution better than 100 A. Micrographs of specimens treated by 
the method described are shown in illustrations. In one instance the replica contains small dense agglome- 
rations. It is suggested that these agglomerations represent silver particles ‘ printed-out’ due to the light 
received during the preparation of the replica. 
Sommaire: Description d’une méthode de préparation de replicas en carbone, obtenus par évaporation sur le 
spécimen. Dans ce cas particulier il s’agit des grains photographiques. 


Microstructure of Paint Films 
See Abstract No. : 125/I 


26 — MATERIALS — 26 


Some Aspects of Micro-Moisture Determination 
See Abstract No.: 120/I1 


High Vacuum Applications of Polythene 
See Abstract No. : 96/1 


Wettability of Glass Measured by Contact-Angle Method 
Germany. H,0 from the combustion gases of the glass-melting furnace affects the glass surface by introducing 
O OH- groups into its structure. H* ions replace Na’ if the fire-polished glass surface is in contact with liquid H,0. 
The resulting ‘ water film’ was previously studied by Warburg (1886) and Sherwood (1918-19) who observed 
characteristic maxima on the weight-loss curves when the glass was heated, viz. at 150° (adsorption H,0) and 
550° (chemically bound H,0), in NaCa silicate glass. In a modern high-vacuum technique, and e.g., in applying 
silicone films on glass, water films on the surface bring about very detrimental effects. There are distinct 
relations between the formation of H,0 films and the chemical composition of glass; these relations have been 
studied by Kohlrausch and Fulda by measuring the electrical conductivity. A very sensitive method for 
studying the contact surfaces in the system glass/water is the determination of the contact angle (#). It 
indicates the slightest contaminations on the glass surface by its variations. If (1), (2) and (3) represent the 
gaseous, liquid and solid (glass) phases, the surface tensions (¢) are correlated with this angle 0 by the equation 
O19=Fag +O ,.cos 0. The angle 0 can be directly measured by micro-metric methods (under a magnification 
of 20A). For reducing the effects of gravity, the H,0 droplets applied on the glass surface must be very small; 
a hysteresis of the contact angle indicated the presence of highly polarisable ions; particularly well-cleaned 
By using Cl,C=CHCI as the cleaning liquid, it is evident that 
Heating to 100° often even 


glass surfaces do not show this phenomenon. 
thermal treatment at 500° is sufficient to produce a thoroughly clean surface. 
increased the angle 0. Weyl’s theoretical discussions are in agreement with the author’s systematic experiments, 
especially also on the adsorption of cat-ions on a glass surface. The author used for this purpose the method of 
‘captured bubbles ’; if 0 is larger than 0°, gas bubbles adhere on the glass surfaces and are deformed by slightly 
shifting the bubble holder. The effects of adsorbed cat-ions are made evident if the glass surface is made H,0 
repellent by applying a trace of laurylmethyl ammonium bromide. The importance of the surface-tension 
phenomena in the study of corrosion of refractories by glass melts is emphasized; a low 0 value indicates a high 


corrosivity by wetting melts. 
( Chemical Abstracts) 


Sommaire : 
de fusion a l'aide de la méthode de langle de contact. 


On a étudié les propriétés et effects des pellicules d'eau se formant sur du verre durant le procédé 
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Industrial Glass Piping 
See Abstract No. : 86/II 


Electron Microscope Investigation of Glass 
United States. Fibres or splinters of glass of thicknesses under 1,000 A were found to be transparent to 


beam of an electron microscope. By suitable mounting of specimens a series of transmission photogra 
showing the internal structure of various glasses, were obtained enabling information about the homogeni 
otherwise of glass structures to be found. Mounting was achieved by two methods. Fibres were 
between two specimen screens whilst splinters or flakes from massive glass were dusted on to a screen 
with dry adhesive (a solution of cellotape adhesive in benzene was found most suitable for the purpose). 
adhesion was to prevent flakes from moving when charged up while exposed to the electron beam of the micro- 
scope. Transmission photographs taken with various glass specimens are presented and the structu 
is analysed. Commercial alkali- free glass had a very fine structure close to the limit of resolution of th 
scope (-25 A) and had micelles of very variable size. Le i > before exposure showed defini 
like structures with chains several fibre diameters in ler showed similar structure to comme 
glass. In some areas its micelles exhibited regular alignment. vere examine d 


again a structure close to resolution limit was found. Optimt 


noth 
istil. 


s obtained i 


O sodium oxide glass. The micelle material increased significantly with increasing sodium 
treatment was given wate subsequent quenching from 1,500°C, samples of 35°, and ose 
structure while 16% glass became ill defined. Specimens held in lus | 
structural there was consistent correlation e observed speci 


structure. No definite conclusions were possible. A tentative ex} 
regions in glass have a degree of order intermediate between ail 


10m and cryst 


Sommaire : On a trouvé que de verre d'un épaisseur moindre que 1,000 A est transparent au rayons d’électrons 
d'un microscope electronique. 


The Sources of Electron-Induced Contamination in Kinetic Vacuum Systems 


See Abstract No. : 73/1 


The Behaviour of Electrode Materials Subjected to Energetic High Vacuum R. F. Sparking in the Megavolt Range 


of various metals t 


United States. The subject of the investigation reported here was 
hold voltage and withstand spark damage. Sparking tests were carrie 
at 10-° mm. Hg excited by pulses at 14 megacycles and up to l 
perpendicular to the electrodes. The latter were of the cyli nder-c pp 
being terminated in a hemispherical nose and set between two plane el 
maintained by two 32 inch oil diffusion pumps with freon t 
and 5 x 10-7 when trapped, and a liquid nitrogen thimble of 4.5 sq. ft 
cavity. The SI yarking rates, which decreased from a high initial value 
measured with a stilbene crystal photomultiplier aaa related to the 
The measurements gave a distinctive curve for each metal with 


acuum Cavit 


8,000 gauss 


magnetic 
type, the 
i vacuum We 


Hg v 


voltage fora sparking rate of 10 sparks per minute was used to compare the voltage h g quality 
The results show that the metals tested can be divided into a good and poor group; The good group co 

Oo of Inconel, Incailoy, stainless steel, nickel, molybdenum, titanium Seven nel and the up consi 
tantalum, copper, silver and Du edcabadaa: A more detailed indicati f the bel metals is 


in a table reproduced below. 


Sts ainless Stee 
Stainless Steel 3 | 125 
Incalloy 1150 1320 
3-3/8 | Inconel 960 to 1080 1170 
| Copper, OFHC 810 to 880 | O80 | 
Copper, DHP 840 to 870 | 950 : 
| 
Inconel 1140 | 1140 
Copper, ETP 1070 1250 
K-monel 980 1050 
5-3/8 | Nickel | 970 1000 
Tantalum | 870 1110 
Copper, DHP } 840 t0 900 | 1020 
Silver 670 | 790 
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The effects of variations of gas pressure, magnetic field, changes in the cleaning technique, etc. as well as the 
behaviour of welded and soldered joints were also investigated. Variation of pressures up to 10° mm. Hg 
could not be related to sparking rate and above 10 mm. Hg glow discharges occurred in the cavity. Welds 
showed little damage but soldered joints were badly damaged. 


Sommaire: Les caractéristiques de ]’étincelle de plusieurs métaux ont été obtenus dans une cavité vidé a 
10-° mm. Hg par une pompe a diffusion a huile. On donne des détails sur la méthode employée. 


A Technique of Soldering to Thin Metal Films 
See Abstract No. : 68/III 


Discussion on the Survival of Tissues at Low Temperatures. The Use of Glycerol for Preservation of Living Celis 
at Low Temperatures 


See Abstract No. : 121/I 


The Current Situation of Freeze Drying of Semen 
See Abstract No.: 24/IV 


28 — APPARATUS COMPONENTS — 28 


Vacuum Evaporation Apparatus. 
See Abstract No. : 69/III 


A New Vacuum Valve and an Ion Gauge Protective Circuit 


Rapid-Operation Air Lock for Closed Vessels 


United States. The air lock provides access chambers to adjacent closed vessels, particularly for use with the 
vacuum vessels of mass spectrometers or the like. A chamber or air lock sealingly secured to the apertured wall 
of a vacuum chamber is provided, and a spring-pressed closure is included which is moveable into sealing relation 
with the wall portion defining the aperture and having also a position of translation away from and to one side 
of the aperture whereby the use of a probe for carrying the radiation-emittine substance axially of the aperture 
into the interior of the evacuated vessel is facilitated. 

( Nuclear Science Abstracts) 

Sommaire : La construction d’une trappe a air specialment développé pour étre employée dans un spectrométre 
de masse est décrite. 


Improvements Relating to Sealing Glands 


United Kingdom. <A rotary seal is described which allows relative movement between a stationary and a 
rotating part of a high vacuum system. The two parts end in flanges between which are two concentric sealing 
rings of some flexible material; these are fixed to one flange and slide on the other. The interspace between the 
two rings is connected through the fixed flange to a source of rough vacuum so that the pressure difference 
across the inner ring is small and the leakage negligible. A ball-race may be fitted between the flanges to space 
them apart and the clearance is adjusted by screws to give optimum sealing. 


Sommaive : On décrit un joint pour arbre de transmission constitué de deux parties jointes, et dont l’espace 
éxistant entre les deux a été vidé, afin que la différence de pression entre elles et la partie sous vide poussé 
soit inférieure a 1 mm. Hg. 


Gaskets 


United States. All aspects of gasket design and performance are reviewed. Reference is made to the theoretical 
basis of the various sealing techniques. The properties and performance of the following gasket materials are 
investigated : Natural and compounded asbestos, natural and synthetic rubbers including buna-S, buna-—N, 
neoprene, butyl and silicone types, polymers of fluoroethylene and trifluorochloroethylene, polyethylene, 
thermosetting resin laminates, lead, tin, aluminium, copper, brass, Monel, nickel, silver, platinum, ingot iron, 
low-carbon steels and various chromium steels and stainless steels. It is stated that metal gaskets are suitable 
for use with high pressures, high temperatures and many chemicals. The combination of metals with other 
materials to produce gaskets with a wider range of application is discussed at length. Typical of these is the 
gasket which consists of a thin metal casing, closed or partly enclosed and filled with asbestos or plastic material. 
Other materials which are available in sheet form and from which gaskets may be cut, are: Processed vegetable 
fibre, cork and leather. The method of cutting and fitting flat gaskets is described and demonstrated in 
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illustrations. The article ends with a description of various types of O-rings and their application. These may 
be made from the materials listed above but for metal-to-metal joints, where appreciable expansion and con- 
traction of the joining surfaces may occur, the rings should be made of weldable tube material such as stainless 
steel, copper-nickel or other copper alloy and filled with an inert gas to a pressure of the order 600 Ib./sq. in. 
This type of ring is used mainly for high-pressure hydraulic piping, diesel cylinder heads and similar applications. 
Sommaire : Cette article donne une revue approfondie de tous les types de gasket disponibles. En méme temps 
on discute les caractéristiques de bases des joints et raccords. 


Vacuum-Tight Joints 
See Abstract No. : 37/IV 


Industrial Glass Piping 

United States. This article traces the development and application of glass piping for industrial purpose from 
World War I to the present day. The development of special glasses, pipe joints and special apparatus such as 
tubular heat exchangers is recorded and many of its special uses are quoted, e.g. corrosion-resistant piping for 
acids, H, O,, bromine, brine, etc., also sanitary piping for the conveyance of fruit juices, carborated beverages 
milk, etc. World War II greatly accelerated developments. At the Oak Ridge nuclear plant 7.5 miles of glass 
piping were employed. The pipes were prefabricated to requirements at the glass works and the prefabricated 
sections were joined on the site after installation. Another recent development is the cascade-type tubular 
cooler for a slurry of magnesium chloride and hydrochloric acid used in the production of magnesium metal. 
In a particular plant at Las Vegas 27 miles of piping in units of 13 tubes 20 ft. long were used. Much work has 
been spent lately on more accurate alignment and spacing of flange faces on both straight lengths and fittings. 
Fittings are now tempered thus increasing working strength of a pipeline by 100%. A 6-inch pipe has also been 
developed. Equipment has been evolved to enable the consumer to make up and cut his own tubing systems. 
Dairies use glass tubing on an ever increasing scale not only in milk extraction but in bulk handling also. Glass 
pipes have the outstanding virtues of (1) resisting chemical corrosion (even at elevated temperatures), (2) 
containing inert constituents which reduce potential contamination and (3) being readily cleanable and sanitised 
for hygienic purposes. 

Sommaire : Les emplois et qualités de tube de verre dans |’industrie et plus spécialement dans les installations 
chimiques, sont discutés. 


29 — MISCELLANEOUS APPARATUS — 29 


Improvements i.o.r.t. Vacuum Producing Venturis 

United Kingdom. The invention consists of an improved venturi device of the type installed in aircraft 
engines for producing a source of rough vacuum. The venturi is made up of two hollow conical sections whose 
narrow ends meet to form a throat and which are fitted inside a length of tube mounted axially in the exhaust 
pipe of the engine. One of the sections is about eight times as long as the other, and is slightly wider at its 
outer end. Around the throat is a ring of small holes which communicate via a short duct with the vacuum 
container surrounding the exhaust pipe. It is claimed that the arrangement allows the venturi to be machined 
from a singie piece of material, so avoiding the risk of distortion liable with a fabricated construction. 


Sommaire: Une amélioration d’un appareil de venturi du type installé dansles moteurs d’avions pour servir 
comme source de vide primaire et décrite. 


Improvements i.o.r.t. the Detection of Leaks in Vessels Intended to be Gastight 


United Kingdom. Leak testing methods, working according to the principle that the vessel to be tested is 
filled with air at a pressure above atmospheric and the outside surfaces of the vessel are covered with a soap 
solution which forms bubbles above a leak, are difficult to operate when the vessel is of a complicated con- 
struction or when the leak is in an inaccessible region of the surface. It is proposed therefore to admit nitrous 
oxide to the interior of the vessel under test to give a concentration of 2% in atmospheric air. Subsequently 
compressed air is admitted to the chamber in order to raise the internal pressure to approximately 15 lb per 
sq. inch. This gives a final concentration of nitrous oxide in air=1%. The end of a flexible tube which may 
be fitted with a cup-shaped probe is then passed over the outer surface of the vessel in the region of the 
suspected leak. This probe is connected via a flow meter and water vapour trap to an infra-red gas analyser 
tube, the other end of which is connected to a small suction pump which draws the air/ gas mixture through 
the analyser at a rate of about 1 litre per minute. Nitrous oxide absorbs infra-red rays and its presence in 
air at a percentage as low as 0.001 can be detected by the gas analyser. The indication of the presence of a 
leak can either be effected by a normal metering device or a warning light, loud speaker or klaxon horn. 
The method proposed is not restricted to the use of nitrous oxide as a leak indicator but as this gas is readily 
obtainable, non-corrosive and not normally present in conspicuous quantities in atmospheric air it appears 
particularly suitable. 

Sommaire : Une méthode de détection de fuite 4 haute pression ow le gaz de recherche est de l’air mélangé avec 
gas 4 grande absorption d’infra-rouge. La fuite est recherchée a l’aide d’un analyseur a gaz infra-rouge. 


Article by 
S. Elonka 
Power 
March 1954 
105-124 


86/II 


Article by 
E. B. Shand 
Industr. Engng. 
Chem. 
46, Jan. 1954 


179-182 


A. P. Hunt 
Brit. Pat. 
705,912 


88 /II 


A. E. Martin 
J. Smith & 
C. A. Parsons & 
Co. Ltd. 
Brit. Pat. 
702,622 
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and References 


Measurements of Vapour Pressures. Some Problems on Vacuum Techniques 


Japan. A suspension-type Knudsen vacuum gauge (I) was constructed to measure the vapour press P of 
vacuum materials as well as the outgas from the wall of the vacuum system. Below 10“, Hg, the deflection 
of I which is calibrated with a McLeod gauge is proportional to the pressure. The deflection shows a maximum 
around 4-54 Hg and at higher pressures it gradually decreases (i.e. the deflection is towards the warmer wall) 
down to null at 150u Hg, where the foil oscillates vigorously. Gases or vapours of nearly the same accommoda- 
tion coefficient show nearly the same deflection characteristics. H,, however, has especially small accom- 
modation coefficient and thus gives too low gauge readings (72% of the actual pressure with Al foil and 82% 
with Pt foil). I can be used as an absolute manometer even for such organic vapours as benzophenone unless 
its accommodation coefficient differs appreciably from that of air. The working region is from 10-* to 10-" Hg. 
P was measured in a dynamic vacuum, by adjusting the conductance of the tubing system, of commercial oil 
for rotary vacuum pump (2.0104 Hg at 11°), dibutyl diphenyl (8.5 x 104 Hg at 20°), dioctyl diphenyl 
(2.0 104 Hg at 20°), commercial diffusion-pump oil (aliphatic, 6 x 10-4 Hg at 22°), and commercial grease 
(1.3 x 104 Hg). The ultimate pressure obtained by using the above dibutyl diphenyl in a Hickman pump was 
no lower than 104 Hg. The outgas Q defined by P’S/A(P’, S, and A are the final pressure, pumping speed, 
and the surface area of the sample, respectively) was measured of Apiezon compound (Q=4 x 10-84 Hg/sec./ 
sq. cm.), picein (5 x 10-4), griptal (8.7 x 10-*), grease (2 x 10-4), Dekhotinsky cement (5.7 x 10-4), untreated rubber 


(1.3 x 10-8), and rubber degassed at 70° under 10- mm. Hg for 5 days (4.2 x 10-4). 
(Chemical Abstracts) 


Sommaire: On a étudié les qualités de la jauge de Knudsen pour la méthode de determination de tension de 
vapeur. 


A Mechanical Swirling Device for Vacuum Evaporation 
See Abstract No. : 79/III 


Cementing Metal Screens to Cathode-Ray Tubes 
See Abstract No. : 101/III 


Article by 
M. Michijima 
Oyo Butsuri 

22, 1953 

180-184 


90/11 


91/1 
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30 — EVAPORATION — 30 


Computations in Thin Film Optics 
See Abstract No.: 102/I 


Optical Properties of Evaporated Aluminium Films 56/III 
See Abstract No.: 104/I 


Optical Properties of Silicon Monoxide in the Wavelength Region from 0.24 to 14.0 Microns 
See Abstract No.: 105/I 


Apparent Density of Thin Evaporated Films 
See Abstract No.: 103/I1 


Optical Semi-Reflectors. Suitable Methods and Materials 59/TII 
United Kingdom. The optical properties and methods of preparation of various materials—metals, semi- 
metals and dielectrics—are surveyed which may be used as optical semi-reflectors. Specific suggestions are 
made for obtaining any desired reflectance. 


Article by 
N. P. Barton 
Sommaire : Les propriétés optiques et méthodes de préparation de différents matériaux, métaux, semi-métaux 4, Jan. 1954 

et diélectriques qui peuvent étre employés comme semi-réflecteurs optiques sont passés en revue. 20-25 


Some ‘ Black ’ Interference Reflectors 60/III 


United Kingdom. The construction of various types of interference mirror, designed to reflect near infra-red 


and to absorb visible radiation, is described. The spectral discrimination of the simple type of interference Article by 


mirror may be enhanced by taking advantage of the optical properties of gold or germanium. N. P. Barton 
; es Be (A uthors) Vacuum 
Sommaire: La construction de types variés de mirroirs a interference faits pour réfléchir aux environs des 4, Jan. 1954 


rayons infra-rouge, at pour absorber les radiations visibles est décrite. 26-29 


An Improved Process for Colouring Transparent Material Especially for Optical Goods 


Italy. A process is described for the colouring of transparent optical elements such as glass lenses by coating 
these elements with a layer of coloured glass deposited by vacuum evaporation. The material to be evaporated 
is powderised before use. The evaporation source is a molybdenum, tantalum or tungsten crucible. The 
components to be coated are situated above the source. An evaporation plant of conventional design is suitable 
for the process. Good adhesion of the layer is ensured, if proper cleaning methods such as discharge cleaning 
are employed. The deposit may be of any thickness, but should preferably not exceed 20 micron. The method 
described is claimed to offer the following advantages: The shade of the colour of the coating can be properly 
controlled and this assists colour matching with articles produced by the same method previously. The trans- 
mission factor can be accurately predetermined. The coating is as corrosion resistant as the coated (glass) iets 
component. The colouring obtained is uniform over the whole surface. “Brit. Pat. 


Sommaire: Des articles transparents en verre, peuvent étre colorés en évaporant sous vide de la poudre de 705,253 
verre coloré. 


Improvements i.o.r.t. Graticules for Optical Sighting Instruments 
United Kingdom. A method is described of manufacturing glass graticules for optical instruments employing 
the vacuum evaporation process. The glass plateis covered with a silver layer on top of which a photoengraving 
resist is placed. This resist is differentially hardened and developed exposing the glass in the required pattern. 
The material for the resist preferably used in this method is bi-chromated fish glue and the removal of the silver 
is effected by applying alcoholic ferric nitrate. The exposed parts of glass can at this state be etched by means 
of vapours of hydrofluoric acid in order to render the surface of the glass slightly granular. Subsequently the 
matrix is coated with an aluminium film over the whole area in a vacuum evaporation plant and, if desired, 
an additional coating of magnesium fluoride is deposited for protective purposes. Finally the matrix is treated 
with nitric acid removing the silver deposit and the resist without destroying the aluminium film. The end 
product is a graticule of specular aluminium on clear-glass. The diffusivity of the graticule lines is controlled 


by the intensity of the etching of the glass and the type of glass used for the plate. He oa . 
Sommaire : On décrit une méthode employant le procedé d’évaporation sous vide, pour la fabrication de grilles oe ae 


de verre pour instruments optiques. 705,927 


K. H. Spring & 


K. H. Spring & 
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(1) The Production of Diffraction 63/III 


Recent Development in Engineering Dimensional Metrology at the N.P.L. 
Gratings 
See Abstract No. : 98/1 


64/111 


Wettability of Glass Measured by Contact-Angle Method 
See Abstract No. : 73/II 


65/TII 


Sudden Change in the Arrangement of Crystallites in Thin Evaporated Bismuth Films 
See Abstract No. : 67/II 


66/III 


The Preparation of Thin Alpha Sources by Vacuum Sublimation 
O United Kingdom. The successful measurement of alpha energy distribution by electronic pulse analysis or by 

an alpha spectrometer requires a source free from self-absorption effects, i.e., the source must be thin and the 
active material must be uniformly distributed over the surface. The established method for the preparation 
of such sources, the tetra ethylene glycol (T.E.G.) spreading technique, has various disadvantages. For 
instance, the counting discs must be of platinum which, for reasons of expense, are used repeatedly but there is 
no satisfactory method available for the cleaning of the discs, leading to poor resolution in the end. Evaporation 
techniques have been found to give best results, if the deposition is carried out in the pressure range of 10 mm. 
Hg to 10-* mm. Hg and if a source temperature of 2,000°C is employed. Essentially the apparatus consists of a 
cylindrical brass chamber with a removable cover which is fitted to a silicon-oil diffusion pump directly above 
the baffle valve chamber. The evaporation source consists of a tantalum strip, 0.1 mm. thick, 4.5 mm. wide and 
6 mm. long. In the centre of the strip is a depression which can hold 5 microlitres of active solution. In order 
to obtain 2,000°C, the strip is supplied with 70 A at 10 V. The temperature can be adjusted by means ofa 
Variac. The temperature is observed by an optical pyrometer and a calibration curve of temperature against 
Variac setting is given. A stainless steel baffle plate with a hole collimating the vapour beam rising from the 
source was situated between the source and the sector plate carrying the discs on which the active material was 


The presence of this plate reduced the contamination in the chamber generally to a minimum. 
The whole 


deposited. 
The sector plate could be rotated in order to facilitate depositions on several discs in one run. 


assembly was mounted on a trolley and could be pushed into the opening of a fume-hood during loading, 
evaporation and dismantling. In operation heating of the strip to 2,000°C was limited to 20-second periods, 
to avoid overheating of the Kovar glass seals for the lead-ins of the electrical supply. Normally the source was 
heated for 10 seconds followed by a cooling period of 5 minutes. The method permitted the use of (expendable) 
aluminium discs. The dimensions of the discs were: Diameter up to 2 cm., thickness—0.01 inch. The deposit 
on each disc had a weight of less than 100 wg. The method was used for the preparation of sources containing 


isotopes of all elements from thorium to curium inclusive. Due to the high operational temperature of the source 
all fractionation effects were eliminated. A uniformly good resolution was obtained. —— 7 
Sommaire ; On décrit une méthode pour la préparation de fines couches émettrices de rayons -a pour l’analyse LERE. 


Rep. No.C/ R1379 
February 1954 


a impulsion ou spectrometrie par rayons —a, dans laquelle les oxydes sont évaporés sous vide par un filament 
de tantale a des températures de l’ordre de 2,000°C. 


67/111 


The Use of Multilayer Films for Surface Topography 
See Abstract No. : 107/I 


68/III 


A Technique of Soldering to Thin Metal Films 
United States. In the course of extensive studies into the electrical properties of thin metallic films the author 
found it necessary to make electrical connections to films on different surfaces. Existing methods were too 
lengthy and this report describes a simple technique which was used to make good electrical and mechanical 
contacts to films ranging in thickness from a few atomic layers up to 5,000 A, and also to other surfaces both 
metallic and non-metallic. The same technique was used for mounting piezoelectric crystals and for making 
instrument mirror suspensions. <A soldered junction to a thin metal film deposited on quartz or glass had been 
made in the past by building up the thickness of the film at the soldering point in order that the flux might not 
destroy it. The process here described makes use of indium and its alloys which possess remarkable adhesive 
properties even without the use of a flux. Indium adheres to a very wide range of metals and non-metals 
particularly to glass, quartz and other siliceous materials. It has a low melting point (155°C) and good corrosion 
resistance. A comparison of the action of pure indium and pure tin on a gold film on glass was made and 
illustrated by micrographs, which showed that whereas tin absorbs the gold, indium does not damage the film 
but sends out dendritic tentacles into it. A standard pencil-type electric soldering iron was used in soldering 
processes using indium. The temperature of the tool has to be rigidly controlled to obtain optimum results, 
the temperature being fairly critical for correct wetting. In general better results were obtained without the 
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use of fluxes, but cleanliness of the surface was found to be necessary. The table reproduced below gives a list 
of 65 materials successiully soldered with indium. 


List of Materials Successfully Soldered by the Metal Indium 


Metals and Alloys Thin Metal Films Non- Metals 
. Aluminium . Aluminium 1. Glass 
2. Antimony 2. Cadmium 2. Quartz 
3. Bismuth 3. Chromium 3. Mica 
4. Brass 4. Copper 4. Porcelain 
5. Cadmium 5. Germanium 5. Tile 
6. Cobalt 6. Gold 6. Concrete 
7. Copper 7. Iron 7. Brick 
8. Germanium 8. Lead 8. Marble 
9. Gold 9. Magnesium 9. Granite 
10. Iron 10. Nickel 10. Sea Shells 
11. Lead Palladium 11. Aluminium oxide 
12. Magnesium 12. Platinum 12. Copper oxide 
13. Manganese 13. Silver 13. Germanium oxide 
14. Molybdenum 14. Iron oxide 
15. Monel 15. Titanium 15. Magnesium oxide 
16. Nickel 16. Zinc 16. Nickel oxide 
17. Palladium 17. Zirconium 17. Titanium oxide 
18. Platinum 18. Brass 18. Zirconium oxide 
19. Silicon 19. Monel 
20. Silver 20. Stainless stee 
21. Stainless steel 
22. Tantalum 
23. Tin 
24. Titanium 
25. ‘Tungsten 
26. Zine 
Zirconium 


Of the indium alloys which were used for soldering, the silver and lead alloys were found to be the most useful, 
possessing greater hardness and strength than the pure metal. A 5% silver alloy was necessary when soldering 
to thin silver films in order to prevent solution of the film in the solder. The shear strength of the soldered 
junction to 17 different materials was measured and found to be generally between 400-800 Ib./sq. inch. 


Article by 

R. B. Belser 

Rev. Sci. Instrum. 

Sommaive: On a trouvé l’indium et certains de ses alliages agissent comme une bonne soudure sans pate, 25, Feb. 1954 
180-183 


lorsque il s’agit de couches fines de métal. 


Vacuum Evaporation Apparatus. A New Vacuum Valve and an Ion Gauge Protective Circuit 69/III 


Canada. Details are given of an evaporation plant suitable for laboratory requirements such as the shadow 
casting of specimens for electron microscopy. The chamber consists of a glass cylinder, 8 inch. in diameter and 
14 inch. high, fitted with a glass top cover plate. The pumping unit consists of a 4 inch. oil diffusion pump 
backed by a mechanical rotary pump, the diffusion pump being connected to the chamber via a cold-finger 
liquid air trap and an umbrella valve. The latter is of a special design, details of which are given. The umbrella, 
i.e. the stem carrying the valve plate, is fixed to one end of a sylphon metal bellows, the other end of which is 
fitted to the valve body. Compression of the bellows causes the stem to move upwards opening the valve. 
Compression is effected by rotating an external sleeve which is threaded on the inside and overlaps a ring 
joined to the movable end plate of the bellows. The valve opening is dimensioned to ensure minimum obstruc- 
tion to the flow of gases through the 3-inch. pipe connecting with the pump. The main feature of the filament 
circuit of the ionisation gange is the provision of a thyratron which is fired, should a sudden pressure surge occur 


in the chamber of the ionisation gauge. When the diffusion pump is hot and the system is degassed, the chamber Paper by 
may be pumped down from atmospheric to 10-> mm. Hg (the desired operating pressure) in a period of 3 to 4 R. B. Harvey & 
minutes. L. MeCullum 


Sommaire : La réalisation d’un apparail a évaporation est décrit qui comporte une nouvelle vanne pour le vide, pada No. 34 
d’un grand diamétre, et d’un circuit de protection réduisant le danger de briler le filament de la jauge a ionsation. Februarv 1954 


Improvements in the Coating of Articles by Evaporation and/or Sputtering in Evacuated Chambers 70/11 
See Abstract No. : 76/III 


Apparatus and Process for Vapour Coating 
United States. The heat received by the substrate in roll-coating heat-sensitive materials such as cellophane 
with aluminium by the vacuum evaporation method, if exceeding a critical value, will cause outgassing of the 
substrate. Outgassing during deposition results in poor adhesion properties of the deposit and lack of uniformity 
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of the coating. For this reason outgassing of the substrate is normally carried out as a separate subsidiary 
A new roll-coating method is described which eliminates the necessity of previously outgassing the 
material in a separate operation. In any evaporation process heat is conveyed to the substrate in two ways: 
(a) by radiation from the source and (b) by the aluminium vapours. It is known that the amount of heat 
radiated to the substrate decreases as the evaporation source temperature increases and the optimum operational 
source temperatures have been found to be 1,200°-1,600°C. But operating at these temperatures is not entirely 
adequate to prevent outgassing in the particular case of roll-coating. A graph is shown depicting the total 
amount of heat absorbed by 30 squ. ft. of the substrate as a function of the temperature of the vapours leaving 
the source when vavious amounts of aluminium are deposited on 30 squ. feet. At a source temperature of 
about 1,400°C and a weight of the deposit of 0.7 g. the heat carried to the substrate by the vapours is about 1.9 
Kceal. This figure can be cut by a third by reducing the weight of the deposit by a third, 7.e. from 0.7 g. to 
0.233 g. Thus, assuming that an aluminium deposit of 0.7 g. is required on 30 squ. ft. of the substrate, it is 
proposed to carry out coating in (preferably 3) stages by arranging for three evaporation stations in the coating 
chamber and passing the substrate from one station to another cooling it to a temperature below that, at which 
outgassing occurs, after each stage. This is achieved by providing a system of revolving cooling rollers driven 
at the same surface speed as that, at which the substrate is advanced past the evaporation sources, a speed 
chosen so as on the one hand not to risk damage to the substrate or deposit and on the other hand to control 
the cooling within given limits. i.e. 180°). In 


process. 


The substrate engages with at least half the roller surfaces (7 
operation the rollers are not cooled until the chamber is evacuated below 200 micron Hg in order to prevent 
condensation. Normally the rollers which are cooled internally by a refrigerant have an operational temperature 
of —10°C but this temperature depends on the nature of the processed material. The lower limit is determined 
by the temperature at which the material in question becomes brittle and the upper limit by the minimum 
temperature, at which outgassing to an objectionable degree occurs. In the particular example depositing a 
total of 0.7 g. in three stages the freshly coated substrate reaches the cooling roller kept at —-10°C after only } 
of a second and no substantial outgassing takes place although the temperature of the deposit on leaving an 
evaporation station is about 100°C above that of the substrate immediately prior to entering the evaporation 


station. 
Sommaire: Une méthode d’évaporation continue qui diminue le danger d'un dégazage excessif du materiau 
traité pendant le procédé d’évaporation. 


Process for Vapour Coating 

United States. The factors governing the quality of aluminium coatings evaporated onto heat-sensitive 
substances such as papers and plastics by a roll-coating method are discussed and the information presented 
is substantially the same but more detailed than that recorded in Abstract No. 71,/III. Both patents call for 
high operational source temperatures. But while in the previous case special attention was given to a Satis- 
factory re-arrangement of the processing sequence of the roll-coating method in order to avoid excessive out- 
gassing of the substrate during the process, the present patent essentially deals with the design of an aluminium 
evaporation source which is operated at high temperatures and which has a minimum of surface, radiating heat 
to the substrate only without contributing usefully to the formation of aluminium vapours. Reference is made 
in this connection to a crucible design which was recorded in Vol. III Abstract No. 59, III and forms the basis 
of the design described here. Its essential feature is a lip added to the open end of the crucible which is separately 
heated by eddy currents so that the surface of the lip is held at a higher temperature than the body of the 
molten aluminium within the crucible pot. Due to the creeping action of the molten aluminium the lip acts as 
a wick increasing the area of the surface, from which evaporation takes place, hereby reducing the area of the 
surface which otherwise would radiate heat only and not contribute to the rate of evaporation. It is recom- 
mended to operate this source at a temperature of 1,350°C at chamber pressures in the region of 0.2 micron Hg. 
It is then possible to obtain evaporation rates of more than 4 grams p. minute per sq. inch of the area of the 
surface formed by the body of the molten aluminium inside the crucible. 

Sommaire: Une méthode d’évaporation sous vide pour matériau sensible a la chaleur ot la chaleur ravonnante 
de la source d’évaporation est attenue par une construction approprié du creuset. = 


Evaporated Carbon Films for Use in Electron Microscopy 


See Abstract No. : 68/II 


An Evaporated Carbon Replica Technique for Use with the Electron Microscope and its Application to the Study 
of Photographic Grains 
69/II 


See Abstract No. : 


Microstructure of Paint Films 


See Abstract No. : 125/1 


Abstract No. 
and References 


R. A. Stauffer & 
National Research 
Corp. 

U.S. Pat. 


2,665,228 
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P. Godley & 
National Research 
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US, Pat. 
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31 — CATHODIC SPUTTERING — 31 


Improvements in the Coating of Articles by Evaporation and/or Sputtering in Evacuated Chambers 
United Kingdom. The coating, by sputtering or evaporation in vacuum, of components carried out in the 
form of a continuous process has so far been restricted to the treatment of small articles or endless strips and 
sheets. The large-scale coating of bigger articles, for instance, reflectors for headlamps of motor cars is still 
carried out on the lines of a batch production. The larger articles are normally treated in a vacuum chamber 

of a diameter up to 1.2 metres which can be evacuated to a pressure of 10-* mm. Hg in about 20 minutes. But 

as long as the evaporation or sputtering source is situated in the axis of the coating chamber only a limited 
number of articles can be accommodated in the chamber and coated in one run. A new method of loading the 

* chamber is proposed which aims (1) at accommodating as many articles as possible, (2) at placing them at a 
selected distance from ,the source, the distance being preferably of the order of the mean free path of the gas 
molecules, (3) at avoiding reduction of pumping speed on account of air pockets and (4) at facilitating quick 
loading and unloading. The coating chamber is conceived as the envelope of a ‘ beehive’ structure made up 

of hexagonal-walled or spherical cubicles, each containing a separate evaporation or sputtering unit and each 
having its own quota of articles disposed around its walls. In order to facilitate quick loading and unloading 

the cubicles are placed on frames which have the depth of one cubicle and the height and the width of the | 

O loading space available in the chamber. Each frame is fitted with castors and sliding contacts to feed the 
sputtering or evaporation sources. A series of such ‘ slices ’ represents the charge for one run. A development | 

of this idea is shown in a special arrangement for the coating of reflectors. Here the concave surfaces of two | 


t} 
ui 

I 
tr 


reflectors form one cell and each pair of reflectors has its own sputtering or evaporation source. 


Sommaire : Une méthode de chargement d’une chambre a vide d'un appareil 4 évaporation ou a projection 
cathodique, permettant de metalliser un grand nombre d’articles 4 chaque operation. 


33 — IMPREGNATION — 33 


Magnesium Housings . . . Vacuum Impregnated 


Canada. Magnesium castings required for aircraft jet engines must be free of all porosity, cracks or fissures. 
If only perfect castings would be acceptable, rejects would run extremely high. A means of correcting porosity 
in magnesium castings and thus facilitating the production of dependable components is vacuum impregnation. 


Details of the procedure employed by a particular firm supplying such 
used is Permafil 3255 (G.E. Co.). After the removal of flash metal and cl 


about 1 hour. Then, the impregnant is admitted through a supply line from the reserv 
still under vacuum, until it covers the castings. After 30 minutes an air pressure of 100 p 

the impregnation and subsequently the surplus impregnant is returned to the 
t 


wm 


dQ 


cleaned in a detergent, rinsed in hot water and cured for 1 hour in an ovena 
time for one batch is about 6 hours. One operator only is required. 


Sommaire: On donne une courte description du procédé de production employé pour l’imprégnation de 


magnesium couleé. 


36 — DRYING — 36 


Some Aspects of Micro-Moisture Determination 
120/1 


See Abstract No. : 


A Mechanical Swirling Device for Vacuum Evaporation 19 All 


United Kingdom. A mechanism is described which transmits a swirling movement t 

simultaneously. The device was developed to replace manual action during the vacuum distilla a Letter by 

solvants. Watt 

Sommaire: Description est donnés d’un mécanisme qui communique un mouvement de rotation 4 un ou 4, Jan. 1954 : 

plusieurs flacons simultanément. 58-59 oa 


Factory Methods for Dehydrating Refrigeration Compressors 


United States. Heat and vacuum processes, dry air, oil dehydration, infra-red dehydration, and methods of 
moisture control and moisture analysis are discussed. Moisture content of refrigerant should be no more than Article by 
25 p.p.m. and requires checking. L. = — x 

(Chemical Abstracts) 
Sommaire : On discute différents méthodes pour ka déshydratation de compresseurs de réfrigération, y compris “61, 1953 > 


Iles employant le vide. 1325-7, 1374-8 
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37 — METALLURGICAL PROCESSES — 37 


Casting Titanium 

United States. A split-mould casting process developed by the National Research Corporation for the casting 
of titanium is described. The pattern for the mould is made to allow for shrinkage and the mould is produced 
in two halves by pouring a mixture of powdered refractory and a liquid binder over the pattern. The two 
halves of the mould are than baked, treated to withstand molten titanium and clamped together. The mould 
assembly is placed into the furnace and titanium sponge loaded into the crucible. The furnace is closed, 
evacuated to 0.01 mm. Hg and subsequently argon is admitted. Then arc-melting is started and when sufficient 
titanium has been melted the electrode is moved out of the way and the melt poured into the mould gate 
situated directly underneath the crucible lip. The filled mould is allowed to cool for about $ hour under argon 
or vacuum. The furnace employed in the process consists essentially of a skull-melting type graphite crucible 
backed up by refractory ramming mix, the furnace chamber being of stainless steel. As the molten titanium 
is confined to the central area of the crucible carbon-pick up from the crucible material can be kept below 
0.15%. The furnace described here produces castings up to 5 lb but no difficulty is expected in constructing 
furnaces of the same design which can handle castings up to 100 lb. 


Sommaire : On donne des détails sur on procédé de moulage en coquille developpé récemment en U.S.A. pour 
coules du titane. 


The Rehabilitation and Operation of a 100-Pound, Tilt-Pour Skull, Arc Melting Furnace; Development of 


Production of Titanium Alloys Castings for Ordnance Application 

United States. A 100-lb tilt-pour, skull, arc melting furnace for production of titanium alloys castings was 
rehabilitated. This comprised the re-design and construction of new electrode motion control mechanisms, the 
fitting of the various furnace parts into an existing vacuum vessel, the provision of a vacuum system, and a 


miscellany of other modifications. 
(Nuclear Science Abstracts) 
Sommaire : On donne des details sur la modification d’un four a arc, pour l’adapter a la production d’alliages 


de titane. 


The Oxidation of Titanium at High Temperatures in an Atmosphere of Pure Oxygen 


Australia. The oxidation of commercial and refined titanium in the temperature range of 600° to 925°C in an 
atmosphere of pure oxygen has been investigated. The specimens used were taken from cleaned rolled strip 
which prior to use were treated in a 10% HF-—HNO, solution and which were vacuum-annealed for 4 hours at a 
pressure of about 10-5 mm. Hg. The oxidation apparatus consisted of a fused silica combustion tube which 
could be evacuated to 10 mm. Hg, flushed with pure oxygen and then refilled to the required pressure (700 
mm. Hg). The oxygen was produced by heating potassium permanganate in a vessel which had been evacuated 
and flushed with pure oxygen previously. The progress of oxidation was determined by the gain in weight of the 
specimen after various periods. The oxygen taken up by the specimen was distributed between a scale and the 
metal core. When oxidation was carried out above 750°C the scales could be separated from the cores. In the 
case of the cores the oxygen penetrated only the outer layers, the actual depth of penetration depending on the 
oxidation temperature. Using a glancing-angle X-ray diffraction technique it was found that the oxide 
observed in the scales was the rutile modification of TiO, and the surface layers of the metal cores were found 
to be composed of titanium-oxygen solid solutions. In order to investigate any possible transport of material 
other than oxygen across the scale/core interface a number of specimens initially oxidised at various temper- 
tures were re-heated in vacuum without stripping the scale. The results are shown in a table reproduced below. 
Considerable changes occurred as a result of this treatment. 
Results of Reheating Oxidised Commercial Titanium Specimens in Vacuum 


All X-ray results from reflection 11.4. Co Ka radiation. 


After Heating in Vacuum 


Previous 
Oxidation 


Reheating 


Conditions Metal Core 


Comments 


a, A 
0.935 


Seale quite black on outer and inner 
surfaces. Decreased approx. 50% in 
thickness. Complex X-ray-diffraction 
pattern. Metallic appearance of sur- 
face of metal core 


900°C 73.0 
72 hr., 700 
mm. Hg 
oxygen 


1,000°C 
107 

mm. Hg 

oxygen 


800°C : t No trace of original oxide scale. 
72 hr., 700 Metallic surface appearance. Final 
mm. Hg specimen dimensions intermediate 
oxygen between unoxidised and oxidised states 


No trace of original oxide scale. 
Similar to previous specimen. Grain 
growth at surface of specimen revealed 
by vacuum etching 


650°C 
72 hr., 700 
mm. Hg 
oxygen 
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The scales which had formed in the previous oxidation treatment were re-absorbed at varying degrees. But 
certain phenomena observed in the experiments excluded the possibility of an absorption mechanism that 
involved the movement of metal ions outwards through the scale. Finally hardness measurements were carried 
out to determine the depth of penetration and the distribution of oxygen in the metal cores. These measure- 
ments showed that the depth of penetration increases as the oxidation temperature increases and that the 
oxygen distribution in the cores increases with the time spent on oxidation. It is suggested that oxygen 
diffusion within the core is an accelerating factor in the oxidation of titanium. 


Sommaire: On a étudié l’oxydation du titane 4 des températures comprises entre 600° at 925°C, sous des 
pressions d’oxygeéne d’environ 700 mm. Hg. 


Critical Factors in the Determination of Oxygen in Titanium by the Vacuum-Fusion Method 


United States. There are three well-known methods for the determination of oxygen in titanium by vacuum- 
fusion. Sloman uses an iron bath in a covered crucible, Derge uses an iron bath, tin flux but no cover on the 
crucible and Walter a covered crucible with graphite chips and tin flux. All three methods employ small 
samples (not exceeding 1.5 g.). Other workers employing any of these three methods were unable to duplicate 
accurately the results obtained by Sloman, Derge and Walter respectively and it was suspected therefore that 
© _ some important detail had been overlooked. A systematic study conducted by the authors, using a series of 
standard titanium-oxygen samples prepared by fusion in an argon atmosphere at 10 cm. Hg and an apparatus 
designed originally for the analysis of molybdenum, revealed, first of all, that the recovery of the oxygen improves 
with decreasing sample weight. 0.5 g. samples or less give the best oxygen recovery. The results shown in the 
table, partly reproduced below, were obtained with the tin-flux method employing a covered crucible. 


Sa mple 
Exptl. 


Weight Added as 
Ti02 


Estimated 
Total 


0.096 


0.411 0.09 0.10 


O17 


0.189 


0.239 0.16 


0,52 


0.149 0.461 


0.50 


a Average blank correction was equivalent to 0.001 weight %. 


It appears that in the case of the Walter method the size of the sample, the amount of tin used and the provision 
of a crucible cover are all interrelated. If the sample is larger, more tin and more graphite chips are required 
and if there is no cover on the crucible, the sample and the chips are expelled from the crucible to varying 
degrees and correspondingly low results are obtained. The use of a crucible cover is recommended generally 
as it will prevent loss of sample material in all cases and seems to ensure more uniform temperature conditions 
in the working zone of the extraction crucible. 


Sommaire: On suggére certaines améliorations pour les méthodes de fusion sous vide, afin de déterminer, 
l’oxygeéne contenu dans le titane, pour éviter les résultats différents obtenus dans le passé. 


The Significance of Hydrogen in Steel Manufacture 
See Abstract No.: 131/I 


Gas Content in Steel Metallurgy 
See Abstract No.: 132/I 


An Apparatus for the Determination of the Solidus Temperatures of High-Melting Alloys 


United States. To overcome the difficulties associated with black-body methods normally employed for the 
determination of the solidus temperatures of high-melting metals (not suited for the application of the con- 
ventional thermo-couple methods), a vacuum furnace has been designed which will reproduce black-body 
conditions but dispenses with the need of a refractory container, required in conventional black-body methods. 
Incipient-melting temperatures up to 2,200°C can be measured in this furnace. The furnace chamber consists 
of a glass bell jar which is evacuated by an oil diffusion pump backed by a mechanical pump down to 1—2u Hg 
during the course of an experiment. The specimen has the form of a wire, 7 inch. long and 0.04 inch. diameter, 
and is suspended vertically in a cylindrical tantalum heater 5} inch. long, 3 inch. in diameter, fabricated from 
sheet 0.005 inch thick. The heater has an observation hole of 3/32 inch diameter at the centre. Heater currents 
up to 250 A are supplied to the tantalum cylinder but the power supplied to the specimen is normally less than 
5% of this. The specimen is provided with molybdenum lugs at either end, the bottom lug being stationary 
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whereas the top lug is mobile and supported by a fine wire passing over a pulley and carrying a counterbalance 
weight which can be adjusted. In a similar manner thermal expansion of the tantalum heater is allowed for : 
One end of it is fixed rigidly and the other end connects with a counterbalance lever system. Temperature 
measurement is effected by means of a Leads-Northrup triple-range optical pyrometer fitted with a special red 
filter for use in the range of 1,500° to 2,000°C. Readings were taken through the observation hole in the heater 
from a position some 10 inch. away. The method of reading the temperature is described in detail. Melting 
of the sample was indicated by the interruption of the sample current. The accuracy of the method was tested 
by determining the solidus temperatures of various metals and comparing the values obtained with those 
published in the literature previously. A table partly reproduced below shows the results. An accuracy of 
10° has been achieved. Any errors inherent in the present method tend to give slightly low values of the solidus 


Melting Points of Pure Metals 


Melting Point 
Literature 
( 


This Research 


Metal Determinations 
eg’ 


Gold 1062, 1056, 1066 1061 +4 1063 


1671, 1674, 1677, 
1665 


1676410 
1696 £15 
1716 +25 


1672 +4 


Titanium 


Vanadium 1900, 1909, 1901 1903 +4 1895 +25 


(99% pure) 


Rhodium 1968, 1961, 1968 1966 +3 1960 


temperatures but the method gives reproducible values and requires only 10 minutes for one determination. 
Sommaire: Des détails sont donnés sur un apparail développé pour déterminer les températures de fusion de 
métaux et alliages jusqu’a 2,200 °C. 


16 Percent. Aluminium-Iron Alloy Cold-Rolled in the Order-Disorder Temperature Range 
See Abstract No.: 133/I 


38 — DISTILLATION — 38 


Vacuum Degasification in a Packed Column—Deoxygenation of Water in Stedman Packing 
See Abstract No. : 97/III 


Torpidity of Stirred Phlegmatic Liquids 
See Abstract No.: 117/I1 


Distillation System for Recovering Spent Pumping Oils 

United States. The apparatus consists of a vacuum still adapted for use in the manufacture and purification 
of high vacuum fluids such as diffusion pump oils. It comprises a number of sections connected by vacuum- 
tight seals and is maintained at reduced pressure by a mechanical pump. The fluid to be purified is vaporised 
in a boiler, the vapour flowing upwards through a preliminary fractionating section containing Raschig rings. 
The vapour is then discharged through nozzles into the base of a conventional fractionating column, the nozzles 
forming vapour jets which act to reduce the pressure at the point where the condensate collects. An ionisation 
gauge is connected to that area in order to check the vapour pressure of the condensate before it is drawn off. 
Above the fractionating column is a section containing collecting plates for the more volatile fractions, which 
may be refluxed or discarded as required, and finally a cooled condenser. Various valves are provided so that 
operation may be virtually continuous. 

Sommaive : On décrit un appareil de distillation opérant a pression réduite, spécialement construit pour la 
récupération d’huiles usagées de pompe a diffusion. 


High-Vacuum Fractionation with Falling-Stream Still 

United States. Normally, when vacuum-distilling high molecular-weight liquids, the condensate is collected in 
various fractions. Certain properties of the fractions such as the refractive index are measured and serve as a 
yardstick for the collection of cuts of relatively homogeneous materia!. However, one important indication 
of homogeneity, 7.e. the constancy of vapour pressure from fraction to fraction cannot be established by this 
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method. It is the purpose of the article to demonstrate that the use of a falling-stream tensimeter facilitates 
measuring the rate of evaporation, a quantity which is directly proportional to the vapour pressure by simply 
timing the operation without interrupting the process of distillation itself. An experimental arrangement is 
described which consists of a modified falling-film tensimeter fed by distillate from a simple pot still and the 
performance of this arrangement was tested with two fluids: Di-2-ethyl hexyl phthalate (EHP) and di-2- 
ethyl hexyl sebacate (EHS). The rate of evaporation in the tensimeter was determined by recording the time 
required to fill an 11—ml pipette connected to the condensate line. EHP showed a constant evaporation rate 
after 3 passes but EHS only after 7 passes. Refractive index and evaporation rates for the centre cuts of the 
purified fluids are given in a table partly reproduced below. Another series of experiments is reported aiming 
at demonstrating the use of evaporation rate measurement in determining the quality of fractionation obtained, 


Refractive Index and Rate of Evaporation of Fractions of Purified Fluids 


Di-2-ethyl Hexyl Phthalate Di-2-ethyl Hexyl Sebacate 
Fraction ae Time for 11 ml. 25 Time for 11 mil. 

No. nD of condensale* nD of condensate** 
sec. 


Sec. 


1.48468 1.44852 


1.48468 


1.48466 83.0 


* Liquid at 150°C. ** Liquid at 165°C. 


in cases where refractive index measurement by precision refractometer would not give reliable results. A 
binary mixture of the two purified esters was distilled and the voltage supplied to the tensimeter adjusted to 
a value giving a constant rate of evaporation. The results and evaluation of these experiments are given in the 
form of tables and graphs. In operations like these recording the evaporation rates with an accuracy of 0.5% 
facilitated by the falling-stream technique, makes it possible to detect 0.3% contamination of suberate 
in a sebacate sample whereas the precision refractometer would not detect such contamination, unless it was 
present to a degree of at least 2.1%. 

Sommaire: En employant un tensimétre a courant descendant comme colonne de distillation pour le 
fractionnement de fluides a basse pression de vapeur, le taux d’évaporation 4 température constante peut 
étre déterminé sans interruption et comme le taux est presque directement proportionel a la pression d’équilibre 
de vapeur, la méthode permet une évaluation sensible du produit distillé. 


A Vacuum Vapour-Liquid Equilibrium Still 


United Kingdom. The greater part of the existing vapour-liquid equilibrium stills such as those described by 
Othmer, Gillespie and Jones are primarily designed for operation at atmospheric pressure and show ‘ bumping ’ 
and a large pressure drop when operated at low pressures. This paper describes a new vapour-liquid equilibrium 
still designed for operation in the pressure range 50-760 mm. Hg and gives data on two of the binary systems 
investigated in the still: Ethyl benzene and I-propanol. The still assembly consists of a re-boiler fitted with 
an internal and an external heater, from which the vapour-liquid mixture rises through a coiled Cottrell tube, 
O entering the main body of the still at a point where it impinges on a thermometer pocket. The still measures 
275 mm. in height and 70 mm. in diameter. After separation in the still the liquid returns to the reboiler through 
a line joined to the bottom of the still and the vapours are passed to the condenser. The condensate is returned 
to the boiler via a drop counter and a capillary line. The latter joins the line returning the liquid from the still 
before it reaches the boiler. At this point liquid and condensate are thoroughly mixed in a capillary venturi. 
In operation the still was charged with % 350-400 c.c. of the binary mixture and boiled for 3 hours. Boiling 
points were measured with an accuracy of -+ 0.05°C. Heat input was adjusted to a drop rate of 60-70 drops 
minute (4-6 c.c./min.). The pumping line was joined to the top of the condenser and in order to minimise 
effects from pressure surges when operating at reduced pressures, a surge tank was provided and pressure 
control was effected with the help of two valves, one for coarse control operated manually and the other for fine 
control operated electrically. In this manner pressure could be controlled to 0.6 mm. Hg. The pressure drop 
in the still assembly was about 1 mm. Hg. Equilibrium data for the two binary mixtures mentioned above, 
obtained in test runs at 760 mm., 500 mm., 300 mm. and 100 mm. Hg, are shown in tabular form. Good 
agreement between van Laar activity coefficient curves and experimental data was found and the small vari- 
ations observed at 100 mm. Hg pressure are probably due to boiling point discrepancies. 


Sommaire: On décrit une nouvelle colonne de distillation sous vide, pour équilibre vapeur-liquide, convenant 
pour la détermination de données a des pressions de 5 4 760 mm. Hg. 


Apparatus for Fractional Sublimation at Normal or Reduced Pressures 


United States. The apparatus described here is a development ot a vertical vacuum sublimator, suggested 
originally by Rueber in 1900, which consists of a vaporiser connected to a condenser by a ground glass joint. 
The previous design uses an asbestos plate to prevent sublimate from falling back into the vaporiser tube. Also, 
the apparatus in the original form was heated in an air bath. The new design is fitted with a coarse sintered 
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glass plate, sealed into the male end of the joint, instead of the asbestos plate and provides for the sublimator 
to be heated by means of a conventional electrically heated micro-melting point apparatus which carries a 
square aluminium block with holes to fit the vaporiser tube, thermometers, etc. After charging the vaporiser 
tube with the sublimator the assembly is evacuated through the sintered glass plate and the vaporiser tube is 
inserted in the aluminium block so that the sintered glass plate is in the hot area. When sublimation at the 
initial temperature has ceased the vacuum is broken and the male joint is replaced by a clean one for the next 
Amounts of material ranging from a few milligrams up to 1 gram have been fractionated without 


fraction. 

difficulty. 
Sommaire : On donne des détails sur un sublimateur vertical a vide, constitué d’un vaporisateur et d’un con- 
denseur réunis par un joint en verre rodé. 


39 — MISCELLANEOUS PROCESSES — 39 


How and Why Solids Agglomerate 
See Abstract No. : 77/I 


The Process of Gas Evolution from Low Vapour Pressure Liquids upon Reduction of Pressure 


See Abstract No. : 75/I 


Vacuum Degasification in A Packed Column—Deoxygenation of Water in Stedman Packing 
United States. The desorption of a gas from a liquid may be carried out in a packed column by passing the 
two fluids in opposite directions to each other. The present work was carried out to study the mechanism of 
this process, to measure within limits the mass-transfer coefficient and to compare the performance of a packed 
column acting as a cold-water vacuum deaerator with that of a standard desorption tower. Oxygen was de- 
sorbed from water at reduced pressure in a 6—inch. diameter, 2—ft. long stainless-steel deaeration tower which 
was completely filled with Stedman triangular-pyramid type of packing. Water was circulated downwards 
through the packing via a distribution head by a centrifugal recirculating pump. Before entering the column 
the water was passed through heat exchangers and the evolution of oxygen was prevented. A side stream from 
the main discharge of the circulating pump was fed into a gas absorption system consisting of two 10—gal. gas 
absorption bottles packed with Raschig rings and a partially filled bottle through which oxygen was bubbled. 
The latter bottle served as a reservoir, from which water of any desired oxygen concentration could be returned 
to the deaeration tower. Connection to the vacuum system was made by means of a 2-inch. diameter pipe 
clamped to the top of the deaeration tower. A water-cooled condenser acting as a moisture trap was included 
in the vacuum line and a rotary vacuum pump evacuated the system to a pressure controlled by two spring- 
loaded diaphragm valves. Water samples were obtained from the main line feeding into the deaeration tower, 
from below the central orifice of the redistributor plate and from below the storage reservoir of deaerated 
O water at the bottom of the tower. Methods of preventing leakage included submerging some components 

such as the sample pumps permanently in water and painting all joints in the system with Glyptol varnish. 
The amount of oxygen dissolved in the liquid was determined by the Winkler method and analyses were reliable 
to within 0.04 p.p.m. The results of some 250 tests are listed and graphs for typical results show the relation 
between concentration of oxygen in the water entering and leaving the packing. The following relationships 


were established. 


H.T.U. = 0.078 (L)%8 

= 200 (L)%77 ( — 

(107 


where H.T.U. is the height of a transfer unit, L liquid flow rate, Axa the liquid film coefficient, Dz the co- 
efficient of diffusion, ~ viscosity and p density. These expressions were compared with results obtained by 
other workers, for liquid film resistance in desorption and absorption experiments using different techniques. 
Vacuum desorption results using Stedman packing were found to agree with those for other liquid film con- 
trolled operations using rings, saddles and large shapes. It is concluded that by using liquid film coefficients 
applicable to absorption or desorption columns with similar packing and temperatures, low gas velocity and the 
same liquid velocity, vacuum degasification columns can be successfully designed. As an example of the 
application of test data to design problems the required depth of Stedman packing is calculated for an operation 
in which temperature, flow, vacuum and concentration of oxygen in the liquid are fixed. 


Sommaire : On rapporte une étude faite sur la désorption sous vide d’oxygéne provenant de l’eau. Les essais 
furent faits dans une tour de 6 inch. de diamétre, remplie de 2 feet de morceaux triangulaires de Stedman. 
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Radiocarbon Dating 


United States. Asaresult of cosmic radiation neutrons are formed in the outer layer of the Earth’s atmosphere 
by the disintegration of nuclei of the air atoms, at a rate of 2.4 p. sq. cm. p. sec. Neutrons never reach the 
surface of the Earth and, therefore, must be absorbed in the atmosphere. As they are known to react with 
nitrogen, the principal constituent of air, producing radiocarbon C!4, it can be concluded that some 2.4 radio- 
carbon atoms are produced each second for each square centimetre of the Earth’s surface at the present time. 
The average life of radiocarbon is 8,030 years. Assuming that a steady-state balance for the amount of radio- 
carbon present on Earth has been reached, radiocarbon must disappear at the same rate at which it is formed, 
independent of whether it is present in a living organism or in rock or in the form of gas in the air. The carbon 
atoms are originated at an altitude of about 6 miles and soon after ‘ birth’ will burn in air to form radioactive 
carbon dioxide which contaminates the carbon dioxide contained in the air. In this form it arrives at, and is 
equally distributed over, the surface of the Earth, where it comes into contact with, and is diluted by, elementary 
carbon, present on Earth in an estimated quantity of 8.3 g. p. sq. cm. of the Earth’s surface. Therefore, its 
specific activity is reduced to the (experimentally observed) figure of 15.3 disintegrations p. minute. Living 
matter assimilates radiocarbon by metabolic action and all living matter possess the same radiocarbon activity 
per gram of contained carbon. Radiocarbon dating is based on the fact that at the time of death the assimila- 
tion of radiocarbon ceases. Following death the radiocarbon is bound to leave the material at its immutable 
rate. Thus the radiocarbon content of dead matter can reveal the age of the specimen, i.e., the time which has 
elapsed since death. To measure the radiocarbon content of living matter is difficult because the activity is 
low. The author uses a method whereby the sample is converted to pure carbon and measurement of the 
radioactivity of the latter is carried out by a Geiger counter, in which the sample of carbon is spread over the 
cylindrical wall of the counter. A sample of 8 g. spread over a surface of 400 sq. cm. will produce a record of 
6.7 counts p. minute in the special Geiger counter employed. Normally a Geiger counter has a background of 
500-600 counts p. minute. Shielding the counter with iron shields several inches thick will reduce the back- 
ground to 100 counts p. minute. This background is due to cosmic rays and cannot be reduced further by 
similar means. To counteract the effect of cosmic rays the author has surrounded the counter containing the 
sample with a ring of protecting counters all in close contact with each other and wired in such a manner that 
each response to a cosmic ray in the protecting ring renders the central counter inoperative for a fraction of a 
second. This has reduced the background to 5 counts p. minute. The conversion of the sample into elementary 
carbon involves the use of vacuum techniques. As a first step all samples are converted into carbon dioxide 
by combustion. After purification of the carbon dioxide, i.e. after removal of traces of radon, etc. the carbon 
dioxide is dried and elementary carbon obtained by reaction with pure magnesium metal. Magnesium turnings 
are placed in an ordinary iron tube, 3 ft. long and 1 inch in diameter. The tube is connected to a vacuum 
pump. After evacuation the carbon dioxide is introduced and the tube heated to the melting point of the 
magnesium (651°C). A vigorous reaction takes place at this temperature yielding about 1 gram-atom of carbon 
from 22.4 1. of carbon dioxide. In conclusion the author gives a representative list of the radiocarbon dates 
so far obtained. 
Sommaire : On présente et discute les principes de base de la technique de détermination de l’age de specimens 
de mati¢re organique par la carbone radioactive. 


The Preparation of Thin Alpha Sources by Vacuum Sublimation 
See Abstract No. : 66/III 


A Rotating Thin Ice Target 

United Kingdom. Details are given of a method, whereby thin heavy ice targets can be produced and main- 
tained stable when bombarded with deuterons (100 wA beams accelerated to 700keV) and which may be of 
any desired thickness between 10 and 300 keV. Observation of the behaviour of a thick stationary ice target 
produced by condensing a jet of heavy water vapour on the surface of a copper rod at liquid oxygen temperature 
and bombarded by a 30 pA beam of deuterons of 360 keV showed that the neutron yield decreased by a factor 
of 10 to the occluded target vield within 10 minutes. This led to the conclusion that the loss of target is due to 
a combination of evaporation and sputtering. A theoretical discussion supporting these observations is added. 
It was then decided to make a rotating circular target so that the ice passing on its periphery under the beam 
could be renewed during use at another convenient point and equal thickness could be maintained during the 
experiment. In its finely developed form the device consisted of a target support comprising a circular copper 
disc joined to a copper rod, the other end of which was dipped into liquid air. The copper rod was enclosed in 
a stainless steel jacket, one end of which was open to the vacuum. The steel cylinder and target assembly were 
rotated through a gear. The rotating vacuum seals were of the O-ring type. The target chamber was evacuated 
by a diffusion pump in order to remove the evaporated water vapour. The target disc was 10 cm. in diameter 
and 1 cm. thick. A liquid air trap was placed in its immediate vicinity. The target disc rotated at a rate of 
10 r.p.m. and its temperature was —178°C near the edge, when no beam was on it. The flow of heavy vapour 
employed for the formation of the ice target was directed to the target disc through a capillary tube with a 
diameter of 0.4 mm. Measurement of the neutron yield during operation proved that a target of 120 keV 
thickness could be kept constant to +3keV for a period of 6 hours while exposed to bombardment by deuterons 
of 70 vA at 700 keV. 


Sommaire : On décrit la construction et l’employ d’une cible rotatife faite d’une couche fine de glace. 
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Cementing Metal Screens to Cathode-Ray Tubes 

United States. In the course of work on the AVIDAC electronic computer it was necessary to cement fine- 
mesh screen to the faces of 5—inch. cathode-ray tubes. Conventional methods such as the use of rubber pressure 
pads held in close contact with the face proved unsuitable because of the lack of uniformity of the tube face. 
They also prevented air circulation and thus caused excessive drying times. These difficulties were overcome 
by employing a modified version of the vacuum bag moulding technique. A round hole of about 3 inch. diameter 
was cut in a standard volley-ball bladder. The tube face was coated with a solvent-type cement and the fine- 
mesh screen was affixed. A soft coarse wire screen was placed on top and the assembly was inserted into the 
bladder opening. A pump capable of drawing a vacuum of about 28 inch. was connected to the bladder which 
was pulled into contact with the glass face as soon as the pump started working. Due to the presence of the 
coarse wire screen air circulation was not restricted. The method proved to be cheap and efficient. The tubes 
in question form part of the memory circuit of the computor, the screens being analogous to one of the plates 
of a condenser. 

Sommaire : On réalise, en rapport avec la production de cerveaux électronique, une méthode pour cémenter des 
grilles fines sur les écrans de tubes cathodiques de 5 inches. I.a méthode est basée sur la technique de ‘ vacuum 


bag moulding’. 
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40 — GASES AND VAPOURS — 40 


Acceleration of Partially Stripped Heavy Ions 
See Abstract No. : 33/IV 


The De-Excitation of Helium Metastable Atoms in Helium 


figures, but the variation of og with temperature has still to be explained in detail. 


d’hélium dans l|’hélium. 


Measurement of High Vacuums at Low Temperatures 
See Abstract No. : 51/II 


See Abstract No.: 75/I 


41 — FREEZE DRYING — 41 


Preservation by Freeze Drying 
See Abstract No. : 79/I 


See Abstract No. : 80/1 


The Current Situation of Freeze Drying of Semen 


employé comme agent de protection, sont discutés. 


Theoretical Consideration on the Freeze Drying of Tissues 


United Kingdom. The cross-section for the de-excitation of metastable helium atoms has been measured and 
reported previously by a number of authors, and their results are discussed. The possible processes are: (1) 
Collision with a normal helium atom raises the metastable to a state from which radiation can take place; 
(2) collision perturbation may cause the optical selection rule to break down, giving radiation; (3) excited 
molecular He, may be formed by the three-body collision of two normal and one metastable helium atom, giving 
radiation leading to immediate dissociation; (4) for high concentrations of metastables an ionisation process 
can occur, two metastables giving one electron, one helium ion and one normal helium atom. (1) Is shown to 
be unlikely at room temperatures. A destruction cross-section o¢=9.6 x 10-*4cm.? for high concentrations of 
Oo metastables (>101!° cm.-*) was previously obtained using the theory of (2), but (4) is suggested as being more 
likely, since (a) ionisation has been shown to occur, and (b) the concentration of metastables was high. The new 
value was then od=10-14 cm.?. This is supported by the variation of og with pressures og=3 x 10-23 p cm.? 
(pin mm. Hg), obtained at low concentrations, when process (3) occurs, indicating that process (2) is relatively 
unimportant. An independent set of results agrees with this conclusion, and previous writers have demonstrated 
the theoretical possibility of the three-body process. The cross-section for this process is estimated theoretically 
by a method similar to Thomson’s recombination theory, making use of previous work on the potential barrier in 
the interaction between a normal and a metastable helium atom. The results agree with the experimental Article by 


Sommaire: On discute différents procédés qui peuvent étre considerés pour la déstruction d'atomes metastables 67A, March 1954 


The Process of Gas Evolution from Low Vapour Pressure Liquids upon Reduction of Pressure 


The Relation of Lignin, Cellulose, Protein, Starch and Ether Extract to the ‘ Curing ’ of Range Grasses 


Germany. Experiments on freeze drying bull semen are reported. On reconstitution motility was observed 
but the fertilising capacity was not investigated. The effects of glycerol, used as the protective agent, are Article by 
discussed. Some freeze-dried spermatozoa show a morphological change rarely observed in other methods. 


Sommaire : Des expériences sur la lyophilisation du sperme de taureau sont rapportées. Les effets du glycérol, 4, Jan. 1954 


Sweden. in order to avoid artefacts when freeze-drying tissues for histological studies it is necessary to 
use rapid freezing (super-cooling) even at the risk of developing cracks in the specimen. Once frozen, the 
temperature should never exceed the eutectic point of the tissues which is suggested to be about —40°C, in order 
to avoid partial melting of the ice. Assuming that this is the highest permissible temperature for tissue under 
treatment the author investigates the drying rates obtainable and derives an expression for the time required 
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to sublime completely a piece of ice of mass m (g) and surface A (cm?) : 


mr 
14.63a (Ps—Py)A 
where TJ is the absolute temperature of the specimen, Ps the saturated vapour pressure at temperature 7 and 
P» the vapour pressure above the ice. As the surface area decreases when the ice sublimes a drying time of 3 
gives a good approximation. In the case of tissues the drying time will be lengthened as a shell of dry tissue 
forms in the process which acts as a barrier to the sublimating ice. Calculations using the above formula show 
that a decrease in temperature of the ice markedly increases the drying time which is three times longer at 
—50°C than at -40°C. Although many pieces of apparatus described in the past employ high vacuum pumps for 
removing the vapours, those constructed lately work on a molecular-still principle with a condenser surface at 
a distance from the evaporating surface less than the mean free path of the molecules. If this distance is kept 
at 4 cm. or less, no high vacuum pumps are needed as an operational pressure of 10-3 mm. Hg is sufficient. 
Also, the temperature of the condenser surface, when below a certain fixed value, has little effect on the drying 
time. Using liquid nitrogen instead of dry ice as a coolant in cases where the specimen temperature is —40°C 
shortens the drying time by no more than 1%. It is possible however that drying is more thorough when 
using a low condenser temperature, say, —193°C, because of the very low vapour pressure of water (10-7 mm, 
Hg) at that temperature. 
Sommaire : On discute quelques problemes se présentant dans la lyophilisation de tissues, et une formule pour 
le temps d’operation a été developpée. Des avis sont donnés au sujet de la réalisation d’un appareil a lyophilisa- 
tion de tissus. 


To= 


Theory for the Design of Apparatus for Drying Frozen Tissues 


United States. The general theory of the vacuum drying of frozen tissues presented by the author in a previous 
paper (see Vol. III, Abstract No. 203/I) is applied to the design of apparatus. Starting from the formula : 
Efficiency = 1 — fs 
te 
where fs expresses the probability of an evaporated water molecule reaching the top surface of the tissue and 
fe the probability of a water molecule to be removed from the system, once it has reached the surface. Com- 
putations of fs/fe are made for a system where the evaporating and condensing surfaces are separated by a long 
straight tube of circular cross section, both for free molecular flow and diffusive flow. For molecular flow 


where 4 is the area of the interface separating the dried and non-dried portion of the tissue, and a and / are the 
radius and length of the tube respectively. For given values of efficiency the radius can be read off a set of 
curves giving a in terms of the load factor, fs AJ. Formulae are derived for the efficiency, taking into considera- 
tion the effect of air pressure in an arrangement of plane parallel evaporating and condensing surfaces. An 
approximate solution for the general problem of the effect of residual air on flow is suggested. It is concluded 
that the partial pressure of the residual air can be comparatively high without having an adverse effect on the 
efficiency provided the obstruction it creates is small compared with that of the dried tissue shell. Thus it 
appears that the vacuum requirements assumed by previous workers were exaggerated. The present investiga- 
tion shows that mechanical pumps are sufficient although leaks must be avoided as they admit not only air but 
also water vapour. High residual air pressure has another effect, 7.e. a temperature rise in the tissue. Calcula- 
tions for a typical apparatus proved that to increase the efficiency from 90 to 99% for a given load and drying 
temperature required a tube radius larger by a factor of 3.2 for diffusive flow and 2.2 for free molecular flow. 
The effect on drying time is insignificant but an efficiency of less than 90% could cause a noticeable lengthening 
of the drying time. Finally a comparison is made of the sublimation of ice and tissue for the case of plane 
parallel surfaces and the effect of inserting an obstruction between the evaporator and condenser is considered. 
It was found that the obstruction increased the drying rate considerably in the case of ice but had little effect 
on the rate for tissue. Blood plasma could be considered as an intermediate between ice and tissue and it is 
thought that using thin layers and apparatus designed on the molecular-still principle would greatly increase 
the yield of dry product per unit area of evaporator. 


Sommaire : On présente une théorie génerale sur le projet d’appareil a lyophiliser des tissues. La théorie est 
aussi applicable a la lyophilisation du plasma, et, dans ce cas, semble 4 demander des changements dans les 
appareils existants. 


A Small Drying Apparatus Designed for Preservation of Viruses 


Canada. In order to fill the need for a drying apparatus which facilitates the drying of small quantities of 
infected material at short notice, a small plant was designed which has a comparatively low dry-ice consumption. 
The unit which can be sterilised between runs is made of brass, weighs 35 lbs. and can accommodate 12 glass 
ampoules, each of 10 ml. volume. When operating the apparatus at full capacity, i.e’ with a charge of 24 ml. 
of fluid, the drying time was 24 to 36 hrs. and the dry ice consumption about 1 lb. in 4 or 6 hours. A manifold 
comprising a cylinder, 9 inch. long and 7 inch. in diameter, carried 12 nozzles welded in a circle on the flat plate 
closing one end of the cylinder. A tubular projection in the centre of the manifold served as the cold trap. The 
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ampoules, each charged with 2 ml. of the processed material (frozen at -72°C by rotating manually in a dry-ice 
alcohol mixture) are connected to the nozzles by rubber tubing. The ampoules and the cold trap projection of 
the manifold are immersed in the same vacuum flask. Calcium chloride or Dessigel, placed in the manifold, was 
used as desiccant. A rotary pump produced and maintained the required low pressure which was about 100 
micron Hg and could be measured with a McLeod gauge. After drying nitrogen was introduced into the 
ampoules. As the gas was admitted by passing it over the desiccant and through the cold trap all its moisture 
content was eliminated before reaching the ampoules. 

Sommaire : Un petit appareil pour la lyophilisation de virus a été développé. Sa consommation d’acide carbo- 
nique solide est tres faible. 


Some Aspects of Micro-Moisture Determination 
See Abstract No.: 120/I 


45 — ELECTRONICS — 45 


Negative Ion Emission from Oxide-Coated Cathodes : I 


United Kingdom. ‘ lon-burns’ on the screens of cathode-ray tubes are known to be due to negative ions 
travelling with the electrons from the electron gun. The authors report on an investigation conducted to obtain 
more information on this and other aspects of emission from oxide-coated cathodes. An all-glass (Hysil) 
90°-deflection mass spectrometer was used, where the cathode under investigation was part of the electron gun 
which was of the conventional type. The cathode could be replaced by cracking a side arm, removing the old 
cathode and sealing in a new one, without affecting the focusing and alignment of the ion beam. The resolving 
power of the system was 8M/M-—0.00925. This was considered adequate for the examination of ions of a mass 
of approximately 32 which formed the main objective of this investigation. Details of the collector system are 
given. The arrangement facilitated the measurement of ion currents down to 104A. Evacuation was carried 
out with a diffusion pump unit and the gas pressure in the system was monitored, especially during activation 
of the cathode, by a Philips-type gauge facilitating measurement down to 10-* mm. Hg or less. Calibration of 
the instrument was obtained using the predominant *°Cl and *7Cl ions present in the mass spectrometer and also, 
by introducing a known gas and ionising it by means of a tungsten filament. A number of commercially avail- 
able cathodes, activated in the normal manner, were investigated. Prior to baking, the system showed a 
predominance of chlorine **Cl and *‘Clions. During baking at 450°C the intensity of **Cl and ®‘Cl ions in the 
ion beam increased by a factor of 10 in spite of all precautions taken in cleaning the gun materials. The 
intensity decreased gradually in subsequent operation during tens or hundreds of hours. This confirmed that 
the baking of Hysil glass at 400° to 450°C poisoned the cathode. The poisoning of the cathode commenced 
when a potential of 8 V was applied between cathode and modulator grid and its rate increased as the cathode- 
modulator potential was increased, indicated by a rapid rise of the chlorine ion current. The results show that 
some of the chlorine ions originated from the decomposition of chlorides deposited on the modulator grid by 
electron bombardment but in the main they originate from the decomposition of barium and strontium chlorides 
resulting from the action of hydrochloric acid gas, evolved from the glass during baking, on the barium and 
strontium carbonates in the surface of the cathode. These results confirm those of Hamaker, Bruining and 
Aten (1947). Other ions detected in the course of this investigation included ions of mass 26, 32, 42 and 44. 
O (See Abstract No. 30/IV.) 

Sommaire: A l'aide d’un spectrométre de masse du type de déflection 4 90°, on a trouvé que les ions négatifs 

dominants, émis par les cathodes 4 oxyde étaient de la chlorine, qui provient du verre quand celui est chauffé 

a environ 450°C. 


Negative Ion Emission from Oxide-Coated Cathodes : II 

United Kingdom. The investigation of negative ions produced in devices using oxide-coated cathodes and 
described in Abstract No. 29/IV, was extended with the object of correlating ion emission with the state of 
activity of the cathode and its stages of life. Two all-glass 90°—-deflection mass spectrometers were used in the 
present experiments, the first essentially similar to that described in the first paper and the second fitted with 
a simpler electron gun and designed as a direction-focusing mass spectrometer. Both instruments had a similar 
resolving power. The cathodes and grids in the guns were demountable without affecting the gun alignment. 
The cathode temperatures were measured with an optical pyrometer. The tubes were evacuated by a mercury 
diffusion pump unit and great care was taken to obtain reliable results by outgassing, cleaning and baking all 
components of the system as required. The system was pumped down to 10-* mm. Hg or less before measure- 
ments were started. As reported in the first paper **Cl ions were used for the calibration of the spectrometers. 
Each cathode investigated was outgassed and ‘ formed ’, running it for 2 hours at 1,100°K before the activation 
flash (1,250°K) was given, in order to make certain that all gases liberated during the decomposition of the 
alkaline earth carbonates were removed by pumping. Running the cathode at 1,100°K after flashing, it was 
found that the chlorine ion intensity was reduced by a factor of 4. This may be due to preferential evaporation 
of barium chloride from the cathode surface at the higher activation temperature. Among the other ions 
identified in the investigation were oxygen ions of mass 16. But the oxygen ion currents were never higher than 
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10-“A where a current of the order of 10-7A could be expected considering the amount of oxygen evolved in the 
activation process. This proves that nearly all the oxygen emitted from the cathode, when a current is drawn, 
is un-ionised and that the few negative oxygen ions present originate from the disintegration of layers of oxygen 
on the cathode surface due to the positive ion bombardment. Spectra taken before and after running the 
cathode at 1,250°K for a limited period showed that the chlorine ion emission had increased. This is attributed 
to the development of a new set of equilibrium conditions between formation and evaporation of barium chloride 
when higher temperatures are applied. After 200 hours of this high temperature treatment the chlorine ion 
emission was again appreciably reduced. Further experiments on temperature effects established that chlorine 
ion intensity has a maximum and minimum between cathode temperatures of 800 and 900°C. Also, it was 
found to depend critically on the accelerating field but no proper correlation could be established between 
chlorine ion emission and electron emission changes resulting from temperature or accelerating field variations. 
It is concluded that ion-burns on cathode-ray tubes are essentially due to the formation of chlorine ions in the 
region of the cathode from barium and strontium chlorides. 


Sommaire: Cet article est une étude complete sur l’émission d’ions négatifs provenant des cathodes a oxyde, 
pendant toutes les phases de la vie d’une cathode. Les ions principalement trouvés, étaient ceux de masse 
atomique 12, 16, 26, 27, 32, 35, 37, 42, et 43. 


The Behaviour of Electrode Materials Subjected to Energetic High Vacuum R.F. Sparking in the Mega-Volt Range 
See Abstract No. : 77/II 


Field Emission Current—Density Distribution 
See Abstract No. : 64/II 


Acceleration of Partially Stripped Heavy Ions 

United States. A 63-inch. cyclotron has been developed to provide large currents of partially stripped ionised 
nitrogen atoms. More than 50 wA of 25—-MeV N** have been obtained and used to study high-energy heavy- 
particle reactions. The cyclotron is basically a conventional fixed-frequency machine but its ion source is 


especially designed to produce large numbers of partially stripped ions. The main feature of the latter is a 
heavy tantalum filament which is operated with d.c. of about 400 A. The electron emission from the filament 
produces a high-intensity arc discharge. When the gas pressure in the source chamber is low enough to prevent 
substantial recombination partially stripped ions formed in the discharge are issued through a slit in the 
chamber wall and accelerated through an accelerating slit (feeler) mounted on one of the cyclotron dees. The 
resonant frequency for the acceleration of N** ions is 5.1 Mc/sec. Details of the r.f. system and equipment used 
are given. The vacuum pumping system for the cyclotron consists of two 20-inch. oil diffusion pumps working 
in parallel, each backed by an 8-inch. oil diffusion pump. There is one fore vacuum pump,a mechanical pump 
of 5h.p. This arrangement gives a total pumping speed of 12,000 1./sec. at a pressure of 3x 10-°>mm. Hg. The 
ultimate pressure obtainable in the cyclotron tank is approximately 1 x 10-° mm. Hg. The machine was used 
for the bombardment of deuterium, beryllium, boron, nitrogen and oxygen with nitrogen ions. The object was 
to identify radio-active reaction products. Two types of reaction were observed: (a) Two heavy particles 
exchange a light particle with subsequent emission of a gamma-ray or an additional light particle and (b) all 
of the nuclear matter fused except for a few nucleons. The energy-spread of the beam circulating in the machine 
was measured with the help of nuclear emulsions and was found to be of the order of 9 MeV, half-width at half- 
maximum. For bombardments at 24} inch. radius and bulk of the beam varied from 14 to 23 MeV; the average 
energy was19 MeV. Inthe light of the experience with the present machine the author believes it feasible to build 
100-inch. fixed-frequency cyclotrons designed to accelerate partially stripped boron, carbon, nitrogen, oxygen, 
fluorine and neon for work on elements above plutonium. The energy of the accelerated nuclei would range up 
to 225 MeV which is well in excess of the 70-90 MeV required for the penetration of the Coulomb barrier of 
uranium or plutonium. 

Sommaire : On donne des details sur un cyclotron de 63 inches, ré¢¢emment développé a Oak Ridge, dans le but 
principal d’obtenir des courants plus grands d’ions lourds, en accelérant partiellement des ions d’azote partielle- 
ment appauvri 


The Medical Research Council Linear Accelerator and Cyclotron 
See Abstract No. : 123/I 


Experimental Techniques in B-Ray Spectroscopy : II 


United States. The problems encountered in construction and operation of Geiger-Mueller co1nters, scintillation 
counters and electron multipliers designed for use as detectors in beta-ray spectroscopy are reviewed. (1) 
Geigev-Muelley counters. Generally, their operation requires no special techniques but to ensure uniformity of 
operation over the long periods of time required in that type of work extreme cleanliness is essential, especially 
at the solder joints of the tube and with regard to the central tungsten wire. Normally the tube is filled with 
an organic quenching gas and an inert gas, e.g. ethyl alcohol and argon is a satisfactory combination. But as 
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the counter is placed into the evacuated chamber of the spectrometer the pressure within the counter should be 
as small as is permissible to ensure 100% counting efficiency. For energies below 150 Kev the pressure should 
be 2 cm. Hg and 4.5 cm. Hg for higher energies. If necessary the pressure should be controlled and maintained 
automatically by means such as a mercury valve or a cartesian manostat, to compensate for losses through the 
thin-foil windows. The main difficulty with regard to windows is the loss of energy and scattering of electrons. 
The problem of partial transmission across the window is particularly important in the lower energy ranges. 
In this connection reference is made to data compiled by Saxon (Phys. Rev., 81 (1951), 639) on relative trans- 
mission coefficients for thin windows. Extremely thin windows may be supported by a thick grid to give the 
necessary mechanical strength. Accelerating potentials are frequently used to facilitate penetration of the foil 
by low-energy electrons but this has the disadvantage of interference by increased background counting and 
potential spectral distortion. (2) Scintillation counters. A scintillation counter is made up of scintillator and 
photomultiplier. This instrument can be used to reduce the high intensity-low energy background produced by 
secondary electrons penetrating into the detector and records the electrons produced in the radiator by indicat- 
ing pulse height. Ina special arrangement two detectors are used in anti-coincidence. The thermal noise of the 
photomultiplier can be reduced by cooling below room temperature permitting its use at lower energies but the 
counting efficiency in the low-energy regions does not appear to be 100%. As the photomultiplier is sensitive 
to the magnetic field (of the spectrometer) it has to be in a position remote from the effects of the magnetic field. 
(3) Electron multipliers. A short reference only is made to the use of electron multipliers where the electron 
© _ beam enters directly into the multiplier. Its efficiency is not linear and it offers no special advantages except for 

the detection of heavy particles. 


Sommaire : Cet article traite de la réalisation et comportement de compteurs de Geiger, compteurs a étincelles 
et multiplicateurs d’électrons, employés comme detecteurs dans les spectrométres a rayons-f. 


Vacuum-Tight Joints 
See Abstract No.: 37/IV 


47 — GLASS PROCESSING — 47 


Vacuum-Tight Joints 


France. A method is described of producing vacuum-tight seals between components of an evacuated vessel 
such as a thermionic valve employing the phenomenon of molecular diffusion while the two parts to be joined 
are heated to a temperature below their deformation temperature, 7.e. are still in the solid state. The method 
is known for use with joints where both components are of the same material but according to the present 
invention its use is extended to the joining of different materials such as glass and ceramics for instance. In 
one application glass ‘LL’ and a ceramic known as ‘ Corinver’ containing alumina and silica are joined. Both 
materials have about the same expansion coefficient = 5 x 10-‘. Firstly, the edge of the glass component is 
optically polished and is given a concave profile during the process. Secondly, the edge of the ceramic part is 
ground to give a matching profile and then enamelled by applying powdered glass L mixed with an organic 
binder to the edge to be sealed. On heating the ceramic component the binder is eliminated and the glass 
coating transformed into a uniform layer. This layer, about 0.2 mm thick, is ground to the required dimensions. 
Oo The two components are then brought into mechanical contact thus forming a closed envelope which can be 
evacuated through the pumping stem. The assembly is placed in a furnace and degassed in the normal manner 
by heating to about 400 to 500°C’ This temperature is high enough to effect the seal in the manner indicated 
at the same time. Alternatively, the heating can be applied locally on the edges with the vessel located in 
atmospheric air and pumped down during the treatment. In this case the atmosphere effects the necessary 
pressure and the heat applied can be more intense than in the previous case but the heating period should be 
restricted to one minute or less. 
Sommaire : Une méthode de scellement entre deux parties d’une enveloppe étanche, en moyen de la diffusion 
moléculaire entre, des surfaces polies qui facilite l’adhérence de parties de différents matériaux tels que verre et 
céramique. 
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